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   Abstract 
 
In light of the extirpation of a number of elasmobranch species commonly 
encountered in fresh and estuarine waters elsewhere in the world, 39 river systems 
were sampled throughout northern Australia to determine the species present.  A total 
of 502 elasmobranchs representing 36 species, in addition to 1531 teleosts 
representing 46 species, were captured.  In regard to elasmobranch species known to 
frequent riverine habitats, the bull shark Carcharhinus leucas was captured in the 
highest number, followed by the freshwater sawfish Pristis microdon, the freshwater 
whipray  Himantura chaophraya and the dwarf sawfish Pristis clavata.  Although 
these species were generally captured in low numbers, all were widely distributed 
throughout the region.  Furthermore, the waters of King Sound, Western Australia, 
and the rivers entering it, i.e. the Fitzroy, May and Robinson rivers, were found to 
contain far higher numbers of P. microdon and P. clavata than any of the other rivers 
sampled, as well as the northern river shark Glyphis sp. C, and which subsequently 
provided an ideal locality to study the biology of these species.   
 
The Fitzroy River was shown to act as a nursery for P. microdon and P. clavata, 
where immature individuals remain for a maximum of four or five years before 
migrating to marine waters.  Investigations of the rostra and rostral tooth morphology 
of P. microdon indicated their usefulness as a diagnostic tool in differentiating this 
species from other members of the genus, including P. clavata, and for differentiating 
between the sexes, i.e. female P. microdon generally possess 17-21 teeth cf. 19-23 
teeth in males.  However, no significant difference in the number of rostral teeth was 
found between female and male P. clavata, with both sexes possessing an average of 
42.  Furthermore, the facts that P. clavata was captured up to 2332 mm in total length 
and all of the individuals were immature, indicates that the description of this species 
as a ‘dwarf’ sawfish is erroneous. 
 
The use of rivers of northern Australia as nurseries was also apparent for C. leucas, 
with none of the 111 individuals dissected (ranging in length from 681 to 1365 mm 
TL) being mature.  Furthermore, this species appeared to remain within the rivers for 
approximately four years.  Stomach content analysis and field observations confirmed 
  1an opportunistic, and often aggressive, feeding nature, and thus the species may pose 
some risk to bathers utilising inland waters far upstream (i.e. over 300 km).  
 
Morphometrics and radiographs of 10 Glyphis sp. C captured from the macrotidal 
waters of King Sound (the first capture of this species in Western Australia) indicated 
that these specimens possessed both a wider range in total vertebral count (i.e. 140-
151 cf. 147-148) and number of diplospondylous caudal centra (i.e. 64-70 cf. 65-68) 
than that previously reported and lent support for its synonymisation with Glyphis 
gangeticus.  Radiographs also revealed the spinal deformation and fusing of vertebrae 
in three of the ten individuals, which may be attributable to a genetic abnormality 
indicative of inbreeding within a small gene pool. 
 
Analyses of stomach content and stable carbon (δ
13C) and nitrogen (δ
15N) isotope 
ratios of fishes occurring in the Fitzroy River indicated that the diets of a majority of 
the species present are broad, and greatly influenced by the seasonal availability of 
different prey types.  While stomach content analysis suggested that aquatic insects, 
and to a lesser extent filamentous algae, represent vitally important food sources for 
many of the species present, stable isotope analysis strongly suggested that this latter 
food source may not be an important direct energy source, and that prey types which 
persist throughout the year (e.g. fish, molluscs and Macrobrachium rosenbergii) may 
in fact be more important sources of the energy than dietary data revealed.  Dietary 
overlap was found to be the highest during the wet season when prey availability was 
high, decreased in the early dry season as fishes became more specialised in their 
feeding, before increasing again in the late wet when food became very limited.   
These analyses also supported the views that juvenile fishes may target high energy 
food items to attain higher growth rates and a large size rapidly, in order to achieve 
competitive feeding advantages and reduce the risk of predation, and that many 
species will maximise their energy intake in response to changes in resource 
availability. 
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General introduction 
 
 
 
1.1 Ichthyological fauna of northern Australia 
1.1.1 The origin of fishes of northern Australia 
The seas surrounding northern Australia and the tropics immediately to the north are 
inhabited by the richest fish fauna on Earth (Allen 1997).  In northern Australia, a 
majority of the freshwater fish families are derived from marine invaders (Williams and 
Allen 1987).  Despite these rich marine origins, the freshwater fish fauna is species poor 
and lacks many of the families found elsewhere in the world (Whitley 1947, Lake 1971, 
Harris 1984, Merrick and Schmida 1984, Allen 1989).  The freshwater fish fauna of 
Australia is, however, highly endemic with approximately 70 percent of the 206 
freshwater dependent species found nowhere else (Allen et al. 2002). 
 
Marine inshore origins 
The high diversity of the Indo-Australian Archipelago may be firstly attributed to a 
tumultuous geological, climatic and hydrological past that created a great diversity of 
  12ecological conditions (McDowall 1981, Allen 1989, Unmack 2001).  Major events such 
as changes in sea level during the Pliocene and Pleistocene, and the shifting of 
continental land masses created isolating barriers that further enhanced the process of 
speciation.  Woodland (1986) also postulates that the collision of Australia with southeast 
Asia approximately 20-25 million years ago is equally as important in explaining the high 
diversity of marine fishes in the waters of northern Australia.  The movement of Australia 
from temperate to tropical latitudes meant that the northern edge of the continent became 
available for colonisation by Asian species as the water temperatures increased and the 
distance was reduced.  In addition, there is also the possibility that the northward shift of 
ancestral temperate species further attributed to the high diversity. 
 
Freshwater fish origins 
Fossil records provide a minimal account of the origins of freshwater fishes in Australia.  
Observations from other countries (particularly throughout Asia) indicate that Australia 
lacks many of the widely distributed dominant families such as the Cyprinidae, 
Cyprinodontidae, Bagridae, Siluridae, Nandidae, Cichlidae, Channidae and Anabatidae.  
Presumably these families were not present in Australia before the continental separation 
of Gondwanaland and were subsequently unable to cross the island archipelago from 
south-east Asia to northern Australia (McDowall 1981, Harris 1984).  Australia also has 
few primary freshwater species, i.e. those with primitive freshwater origins, which 
include the lungfish Neoceratoedus forsteri, western salamanderfish Lepidogalaxias 
salamandroides, and two species of saratoga Scleropages jardinii and Scleropages 
leichardti (Merrick and Schmida 1984, Allen 1989, Bishop and Forbes 1991, Allen et al. 
2002).  Therefore, the majority of extant fishes are secondary species derived from 
marine ancestors, with approximately 70 percent of these having strong affinities to 
tropical Indo-Pacific marine fishes (Williams and Allen 1987, Allen 1989).   
 
The low species diversity and high level of endemicity reflects the poor development of a 
rich fish fauna due to the harshness of the Australian continent, scarcity of freshwater and 
the long period of isolation from the rest of the Gondwanan landmass (Harris 1984, 
Williams and Allen 1987, Allen et al. 2002).  Despite its size and considerable habitat 
  13diversity, Australia’s low rainfall (the smallest in proportion to land mass with the 
exception of Antarctica) and high seasonality results in large variability in the physical-
chemical characteristics of waterbodies.  Although species exhibit a range of adaptations 
to the environmental stresses, low species richness has been maintained (McDowall 
1981, Harris 1984, Williams and Allen 1987, Allen et al. 2002).   
 
1.1.2 Chondrichthyan fauna 
There are gaps in our knowledge regarding the number of species occurring throughout 
the entire Indo-Pacific region, however it is known to be rich, containing more than 300 
species (ca. one third of the world’s fauna) (Last and Stevens 1994).  High levels of 
intraregional endemicity also occur, especially within the western (Indian Ocean) and 
eastern sectors (Pacific Ocean), with the fauna of the Indian Ocean being particularly 
diverse (Last and Seret 1999).  This high diversity in the western sector has been 
attributed to the ‘strong regional influence of the mega-diverse Indo-West Pacific biota’, 
the existence of historical barriers between these regions (such as deep trenches and seas) 
affecting ancestral fauna and a subsequent long period of isolation (Last and Seret 1999). 
 
1.1.3 Freshwater elasmobranchs 
The description of a species as ‘freshwater’ often implies a restriction to upper riverine 
reaches above the tidal interface.  Many fishes have life histories (such as spawning and 
feeding migrations) that result in the occupation of both freshwater and marine habitats.  
As such, estuarine and marine species commonly encountered above the tidal influence 
are often included in this category.  This indeed appears to be the case for the five species 
of elasmobranchs known to penetrate upper freshwater reaches of northern Australian 
rivers, including three sharks (Glyphis sp. A, Glyphis sp. C and Carcharhinus leucas) and 
two rays (Pristis microdon and Himantura chaophraya) (Table 1.1).  A lack of 
distribution, abundance, biological and taxonomic data led to a number of these species 
being previously considered strictly freshwater.   
 
Records of Glyphis species occurring throughout the world are sparse.  In Australia, two 
species of Glyphis (sp. A and sp. C) are known from only a few specimens.  The number 
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Table 1.1 Previous records of freshwater elasmobranchs from rivers of northern Australia (Last and Stevens 1994, Allen et al. 2002).  
    Glyphis sp. A  Glyphis sp. C  C. leucas  P. microdon  H. chaophraya 
Queensland Bizant R.  •
  Flinders R.  •
  Glibert R.  ••
••
••••
••••
•• ••
••
•••
••
••
•••
•
  Herbert R.  •
  Mitchell R.  •
  Norman R.  •
  Normanby R.  •
  Wenlock R. 
Northern Territory  Adelaide R. 
  E. Alligator R. 
  S. Alligator R. 
  W. Alligator R. 
  Daly R. 
  Keep R.  •
  Murganella Ck  •
  Victoria R. 
Western Australia  Durack R.  •
  Fitzroy R. 
  Ord R. 
  Pentecost R.  •
 of congeners that exist worldwide is uncertain, with a lack of specimens hindering the 
formal description of three of the four to six species within the genus, i.e. Glyphis sp. A, 
Glyphis sp. B and Glyphis sp. C.  In contrast, C. leucas has a worldwide distribution in 
tropical and warm temperate seas, and in Australia is known to occur as far south as 
Sydney on the east coast and Perth on the west coast.  This species occurs in a wide range 
of habitats and although considered a marine species, it is often described as freshwater 
as a significant part of its juvenile life is spent in freshwater.     
 
The freshwater sawfish P. microdon is another species for which accurate distribution 
data is limited and the taxonomy confused.  Due to the similarity of sawfish species, 
misidentifications are frequent and records often questionable.  For example, Gloerfelt-
Tarp and Kailola (1984) and Herbert and Peeters (1995) considered P. microdon to be 
synonymous with P. pristis.  Bishop et al. (1986) recorded P. microdon as P. leichardti 
(see Whitley 1945), which was distinguished from P. microdon by a lower lobe on the 
caudal fin.  These two latter species are now considered synonymous.  Compagno and 
Last (1998) state that P. microdon occupies inshore, intertidal and freshwater habitats.  
However, Last and Stevens (1994) suggest that in Australia this sawfish may be confined 
to freshwater drainages and the upper reaches of estuaries.  Prior to the current study, the 
maximum length of P. microdon recorded in Australian freshwaters was approximately 
2.8 m and it was assumed that males mature at about two metres (Peter Last, CSIRO 
Marine Research, Hobart, pers. comm.).  Outside Australia, this species is reputed to 
reach seven metres in length (Last and Stevens 1994).   
 
It was not until 1989 that H. chaophraya was identified from Australia based on a 
specimen from the Daly River (Taniuchi et al. 1991).  Prior to this, and indeed for some 
time after, long-tailed stingrays caught in tropical freshwater habitats were identified as 
the estuarine stingray Dasyatis fluviorum (see for example Merrick and Schmida 1984, 
Herbert and Peeters 1995).  Himantura chaophraya is the only Australian stingray to live 
entirely in fresh and estuarine waters (Last and Stevens 1994) and has not been recorded 
from marine waters (30-40 ppt) anywhere within its known range (Pogonoski et al. 
2002).  The maximum size of this species previously recorded from Australia was at least 
  15one metre wide and around 2.7 m in total length.  Elsewhere, it has been reported to reach 
a disc width of almost two metres and about 600 kg (Last and Stevens 1994).   
 
1.1.4 Current threats and conservation status of freshwater elasmobranchs 
International concern over the population status of elasmobranchs around the globe has 
been expressed through the International Union for the Conservation of Nature (IUCN) 
Shark Specialist Group and the FAO International Plan of Action for Sharks (IPOA).  
The catch of sharks and rays has increased dramatically throughout the world’s oceans in 
the past 30 years both from target fisheries and as a bycatch of increased fishing for other 
species.  
 
Compared to teleosts, which may produce high numbers of eggs and develop rapidly, 
sharks and rays are generally slow growing animals that mature after an extended period 
and produce low numbers of well-developed offspring (Last and Stevens 1994, Conrath 
2004).  As a result, elasmobranchs are easily threatened.  Estuarine and freshwater 
elasmobranchs are even more prone to population decline due to a combination of the 
above life history strategies and problems associated with restricted and often contracting 
habitats (Compagno and Cook 1995).  These fishes therefore require additional 
management strategies to avoid overfishing, and the recovery of overfished populations 
may take decades (Compagno 1990).  Although commercial fishers (in particular gill 
netters) are now banned from fishing within rivers of northern Australia, the threat 
remains in nearshore areas.  Rivers throughout northern Australia are popular with 
recreational fishers, and the fact that fishes (including elasmobranchs) continue to form 
part of the diets of people living in these areas means that additional pressure is placed 
upon these species. 
 
The significance of the elasmobranchs that inhabit Australian freshwaters is illustrated by 
the high conservation value of these species (Table 1.2).  Although some protection of P. 
microdon and Glyphis sp. C is provided by the listing of these species as vulnerable and 
endangered, respectively, by the Commonwealth Government, this legislation only 
applies in Commonwealth waters, which for example in Western Australia begins three 
  16nautical miles from the low water mark (under the Offshore Constitutional Settlement 
1987, 1988 and 1995).  The State Government is therefore responsible for the waters 
between the three nautical mile limit and the coast (see Boulter 2002).  Even though P. 
microdon and Glyphis sp. A and sp. C are protected in Commonwealth waters, they are 
not listed under Schedule 2 (Protected Fish) of the Fish Resources Management 
Regulations 1995, which preclude them from protection in Western Australia.  Although 
Part 1 of Schedule 2 detailing ‘commercially protected fish’ states that “all freshwater 
aquatic organisms other than sooty grunter and catfish of the family Ariidae” are 
protected from commercial practices, it is unclear if P. microdon, Glyphis sp. A and 
Glyphis sp. C are included in this freshwater classification.  Therefore, in inshore waters 
and rivers, none of the aforementioned species are protected. 
 
Table 1.2 Conservation listings of freshwater elasmobranchs known to occur in 
Australia. 
Species  EPBC Act 1999  IUCN (2003) 
Pristis microdon  Vulnerable Endangered 
Himantura chaophraya  - Vulnerable 
Carcharhinus leucas  - Near  Threatened 
Glyphis sp. A  Critically Endangered  Critically Endangered 
Glyphis sp. C  Endangered  Critically Endangered 
 
 
1.2 Aims of this thesis 
In light of the extirpation of a number of elasmobranch species throughout the world, the 
overall aim of this thesis was: 
 
To identify significant habitat of elasmobranch species commonly encountered in rivers 
of northern Australia, investigate aspects of the biology and ecology of these species and 
determine the trophic relationships to, and between, other fish species in a tropical 
ecosystem.  Such data will be invaluable in the development of appropriate conservation 
  17measures to ensure the longevity of these species in Australian waters, which may 
represent the last viable populations on Earth. 
To achieve this overall aim, the following investigations were undertaken: 
 
•  Given the paucity of knowledge of the occurrence, distribution and abundance of 
freshwater (and estuarine) elasmobranchs, and indeed other fishes, occurring in 
northern Australian rivers, the first aim of this thesis was to conduct a preliminary 
ichthyological survey of selected rivers throughout northern Australia.  The 
capture of other sawfish species (Anoxypristis cuspidata, P. clavata, P. zijsron 
and P. pectinata) was also regarded as a priority.  Findings from this preliminary 
survey (Chapter 2) were subsequently used to identify significant habitats (and 
systems) for these species, and used to develop the more specific aims presented 
below. 
•  Of the rivers sampled, the Fitzroy River (and waters of King Sound), Western 
Australia, was identified as the most significant habitat for the endangered P. 
microdon and P. clavata.  The comparatively high abundance of these species 
provided the opportunity to collect substantial distribution, biological and 
ecological data, as well as morphological characters for use in distinguishing them 
from each other and other members of the genus (Chapters 3 and 4).   
•  As freshwater sawfish have cultural significance to the indigenous peoples of 
northern Australia, it was felt important to document how these species fit into 
traditional life (Chapter 3).  The necessity to document the importance of these 
species is particularly relevant as legislation governing fisheries in Western 
Australia is currently being modified to include resource allocation models that 
take into account commercial, recreational and indigenous values. 
•  The undescribed Glyphis sp. C was captured in King Sound which represented the 
first record of the species in Western Australia.  This study therefore aimed to 
collect more samples of the species, describe aspects of its biology and provide a 
preliminary morphological description, which may be used for comparison with 
other suspected members of the genus (Chapter 5).  
  18•  Considering the abundance, wide distribution, ability to penetrate great distances 
upstream and lack of ecological data relating to C. leucas occurring throughout 
the region, individuals were collected from rivers in the Northern Territory and 
the north of Western Australia to determine the age structure, growth and diet of 
this species in those systems and assess the potential for shark attacks upon 
bathers utilising inland waters (Chapter 6).  
•  To further our understanding of tropical Australian riverine ecosystems, this study 
also aimed to determine the food ingested and its importance to a northern 
Australian fish community (Chapters 7 and 8).  This also resulted in the following 
hypothesis being developed and tested: 
  That feeding guilds will exist, including detritivore/algivores, 
aquatic insectivores, terrestrial insectivores and piscivores; 
  That the diet of juvenile fishes will consist of fewer prey types, 
than larger individuals of the same species; 
  That there will be more dietary overlap between species in the wet 
season when prey availability is high, that this will become reduced 
in the early dry season as resources begin to contract and the diets 
of each species becomes more specialised, and will increase again 
in the late dry season when resources become very limited; and 
  That in order to attain higher growth rates and a large size rapidly, 
and thereby achieve competitive feeding advantages and reduce the 
risk of predation (Lima-Junior and Goitein 2003), when possible 
juvenile fishes should target higher calorific prey items (such as 
aquatic insects over algae). 
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Freshwater and estuarine elasmobranchs and other fishes of 
northern Australia 
 
 
 
2.1 Introduction 
The vastness, severe lack of access and seasonality of northern Australia are 
undoubtedly the reasons so few ichthyological surveys have been conducted.   
Numerous authors provide broad accounts of the distribution of freshwater fishes 
throughout northern Australia (see for example Lake 1971, Merrick and Schmida 
1984, Larson and Martin 1990, Herbert and Peeters 1995 and Allen et al. 2002), 
however, there are limited published data describing freshwater fish communities of 
specific rivers throughout the region.  Indeed, a majority of distribution data is 
contained within technical reports (Table 2.1). 
 
Despite Australia having an extremely rich shark and ray fauna (over half of which 
are endemic) (Last and Stevens 1994, Last and Seret 1999), little attention has been 
granted to the occurrence of elasmobranchs in northern Australia.  Virtually nothing is 
known of their occurrence within rivers, despite the fact that approximately 118 
species are known to penetrate estuaries and lower riverine reaches.   
  20Table 2.1 Prior ichthyological surveys in rivers of northern Australia. 
        Author Year Location
Western Australia  Rosen, Nelson and Butler  1969 (in Vari 1978)  Rivers accessible from the Gibb River Road to the Drysdale River 
  Allen   1975  Prince Regent River 
  Hutchins  1977  Drydale, King Edward and Lawley Rivers  
  Hutchins  1981  Drydale, King Edward and Lawley Rivers 
  Allen and Leggett  1990  Isdell, Mitchell, King Edward and Lawley Rivers 
  Ishihara et al.  1991a  Ord and Pentecost Rivers 
  Morgan et al.   2002 (2004)  Fitzroy River 
  Gill et al.   2005   
     
       
       
Lake  Kununarra
Northern Territory  Tayler   1964  Rivers of Arnhem Land 
  Pollard  1974  Alligator Rivers  
  Midgley  1979  Roper and Limmen Rivers, and Rosie Creek 
  Midgley  1981  Victoria, Fitzmaurice and Keep Rivers 
  Taniuchi et al.  1991  Adelaide and Daly Rivers 
  Larson  1992  Lower Mc Arthur River 
  Larson  1995  Alligator Rivers  
    Larson 1996 Roper River
  Larson 1999 Keep River
  Larson  2000  Alligator Rivers  
  Bishop et al.  2001  Alligator Rivers  
Queensland  Beumer 1980 Black-Alice  River system
  Allen and Hoese  1980  Jardine River 
  Hortle and Pearson  1990  Annan River System 
  Taniuchi et al.  1991  Gilbert and Mitchell Rivers 
  
Few prior surveys of northern Australian rivers sampled for, or reported, 
elasmobranch captures.  Prior to the current study, there had been only two reported 
surveys with the specific aim of capturing freshwater sharks and rays in rivers of 
northern Australia.  The first of these was conducted in four rivers of the eastern Gulf 
of Carpentaria (Gilbert and Mitchell Rivers) and Northern Territory (Adelaide and 
Daly Rivers) in 1989 (Taniuchi et al.1991).  The second was conducted in the Ord and 
Pentecost Rivers of the northern Kimberley in the following year (Ishihara et al. 
1991a).  
 
This study therefore aimed to: 
•  Collect data on the distribution of elasmobranchs and other fishes occurring in 
freshwater, estuarine and inshore areas of rivers throughout northern Australia.  
Special consideration was given to the capture of elasmobranchs known to 
occur in freshwaters (Pristis microdon, Himantura chaophraya, Carcharhinus 
leucas, Glyphis sp. A and Glyphis sp. C) as well as other sawfishes.  
•  Identify significant habitats of these species.  
 
 
2.2 Materials and Methods 
2.2.1 Sampling for fish 
Eighty one sites (14 river/creek systems) in the Northern Territory (Appendix 1) and 
30 sites (12 river/creek systems) in the Kimberley region of Western Australia were 
sampled for fish between June and November 2002 (Figure 2.1).  In a collaborative 
effort, an additional 26 sites (13 river/creek systems) were sampled for elasmobranchs 
by Queensland Department of Primary Industry (QDPI) researchers in Queensland.  
Sampling was conducted in a range of freshwater and estuarine habitats including 
those in the coastal marginal zone, tidal feeder creeks, main channels, tributaries and 
waterholes.  Due to the lack of vehicular access through much of northern Australia, 
sites were primarily selected on the basis of accessibility.  Site selection was 
additionally based on past records of species presence and anecdotal evidence of 
sightings of freshwater elasmobranchs from traditional owners, station managers, 
recreational fishers and other researchers. 
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Figure 2.1 The sites sampled for fish in fresh, estuarine and inshore waters of northern Australia.  
Sampling was conducted using a combination of gill nets consisting of 30 m (2.5 m 
drop) monofilament panels of 10, 15 and 20 cm stretched mesh and baited long-lines.  
The gill net panels were often joined to fish a greater proportion of the river channel 
and were generally set for a minimum of three hours.  Set times were highly variable 
and dependent upon factors such as catch rate and tidal influence.  Sampling at night 
was only conducted using larger meshes (i.e. the 15 and 20 cm mesh) to minimise 
bycatch and entanglement of crocodiles.  Gill nets were primarily anchored to run at 
right angles to the river bank, however they were set parallel to it when the flow rate 
was high.  At sampling sites that were affected by excessive tidal influence, gill 
netting was conducted at periods of slow and slack water, associated with the turn of 
the tide.  Nets were constantly monitored to minimise by-catch.  Forty metre long 
sinking long-lines (consisting of a maximum of 20 hooks connected to a 600 lb nylon 
main line via 150 lb trace) and baited hand lines were also used.  
 
During transit in shallow waters or while surveying from the riverbanks, freshwater 
elasmobranchs were occasionally observed.  Where a positive identification could be 
made, locality and habitat data were recorded.  In the Northern Territory, these 
animals were on occasion pursued and captured with the use of a throw net or hand 
spear to accurately identify the specimen.  Elasmobranchs in Queensland were 
captured with the use of monofilament and cord gill nets which ranged from 18-550 m 
in length.   
 
2.2.2 Environmental variables 
The salinity (ppt), temperature (
oC) and an estimate of water clarity, with the use of a 
secchi disc (cm), was recorded at all sampling sites in the Northern Territory and 
Western Australia (only salinity was recorded in Queensland).  Average depth, 
estimated flow rate and tidal influence were also recorded, as were notes on the 
immediate habitat including predominant sediment type, density of aquatic vegetation 
types and detritus, riparian vegetation and snag density. 
 
2.2.3 Protocols for fish sampling and species identification 
Regular checking of gill nets and long lines ensured that handling times of 
elasmobranchs (and other fishes) were kept to a minimum.  Once removed from the 
  22net each individual was identified, digital images taken, total length (TL) or disc 
width (DW) measured and the sex recorded.  The specimen was only released after it 
had recovered which often involved ‘swimming’ the individual.  All the teleosts 
captured were identified and their length recorded.   
 
The phylogenetic order of the families (and subsequent species lists) follows Last and 
Stevens (1994) for elasmobranchs and Nelson (1994) for teleost fishes.  Biological 
and distribution data collected during this study were compared to records by Last and 
Stevens (1994), the ‘FAO Species Identification Guide for Fishery Purposes’ and 
Allen  et al. (2002).  Specimens that died during capture, or those kept for 
identification purposes were lodged with the Museum and Art Gallery of the Northern 
Territory (MAGNT), Western Australian Museum (WAM) or Murdoch University.      
 
 
2.3 Results 
2.3.1 Elasmobranchs  
Species distribution and catch composition 
From the 137 sites sampled throughout northern Australia, a total of 502 
elasmobranchs from 36 species were recorded.  Fourteen, 17 and 25 elasmobranch 
species were recorded in the Northern Territory, Western Australia and Queensland, 
respectively (Table 2.2, Table 2.3).  Overall, C. leucas was captured at the greatest 
number of sampling sites, followed by P. microdon and H. chaophraya (Figure 2.2).  
Carcharhinus leucas was also the most abundant species, followed by Negaprion 
acutidens, Aetobatus narinari and Carcharhinus cautus.  Nineteen Pristis clavata, 
three Pristis zijsron and two Anoxypristis cuspidata were also captured. 
 
The most frequently captured elasmobranchs in the Northern Territory were C. leucas, 
H. chaophraya, Rhizoprionodon taylori and P. microdon (Table 2.3).  Carcharhinus 
leucas was also the most commonly encountered species in Western Australia, 
however, it constituted only 17% of the total elasmobranch catch composition, 
compared with 65% in the Northern Territory.  Fifteen P. microdon and 15 P. clavata 
were also recorded in Western Australia.  A comparatively high number of 
elasmobranchs were recorded from Queensland, with N. acutidens, A. narinari and C. 
leucas being the most abundant.   
  23Table 2.2 The sites at which elasmobranchs were captured and total length (mm TL) 
or disc width (mm DW) range.  TL and DW measurements were not collected for all 
individuals caught in Queensland.  Shading indicates freshwater elasmobranchs and 
other sawfish. 
Species  Site numbers  # sites  TL  range (mm)
Carcharhinidae    
Carcharhinus amblyrhynchoides  8, 87-89, 122, 124-127  9  619 - 1697
Carcharhinus amboinensis  102 1  787
Carcharhinus cautus  82, 88, 123-124, 127  5  461 - 1275
Carcharhinus dussumieri  125  1  555 - 584
Carcharhinus fitzroyensis  8, 128  2  932 - 1124
Carcharhinus leucas  2-4, 31-33, 35, 43-46, 50-51, 53, 55, 58, 
73-75, 78-79, 91, 95, 99, 106, 108-110, 
114-115, 119, 122, 125-126, 136 
35  687 - 1520
Carcharhinus limbatus  8, 89  2  1110 - 2175
Carcharhinus melanopterus  116 1  1140
Carcharhinus plumbeus  90 1  731
Carcharhinus tilstoni  87, 90, 122-126  7  605 - 1830
Galeocerdo cuvier  8 1  3200
Negaprion acutidens  17, 88-89, 116, 122-127  10  627 - 1750
Rhizoprionodon acutus  1, 125  2  535 - 630
Rhizoprionodon oligolinx  15 1  545
Rhizoprionodon taylori  8, 15, 17, 122, 125  5  285 - 615
Carcharhinus sp.  122, 127  2  No data
Sphyrnidae    
Eusphyra blochii  122 1  850
Sphyrna lewini  125 1  481
Sphyrna mokarran  89, 123-124, 127  4  1900 - 2500
Rhinobatidae    
Rhinobatos typus  123-126  4  950 - 1317
Rhynchobatidae    
Rhynchobatus australiae  123, 126-127  3  1184 - 1465
Pristidae    
Anoxypristis cuspidata  1, 8  2  1010 - 1162
Pristis clavata  79, 98-99, 122, 124-125  6  915 - 2332
Pristis microdon  23, 36, 41, 60, 68, 71, 76-77**, 91, 93-
94, 96, 99, 115, 129, 132, 135 
18  832 - 2610
Pristis zijsron  123-124, 126  3  1960 - 2540Species  Site numbers  # sites  TL  range (mm)
Cont.    
Dasyatidae    
Himantura sp.A  87 1  530
Himantura chaophraya  33-36, 49, 91, 95, 108-109, 119, 120-
121, 129 
13  426 - 1240
Himantura granulata  82, 87  2  647 - 800
Himantura toshi  124 1  No data
Himantura uarnak  82, 85, 87  3  338 - 600
Himantura undulata  85, 128  2  No data
Pastinachus sephen  127, 130  2  No data
Myliobatidae    
Aetobatus narinari  82, 122-123, 125-127  6  732
Aetomylaeus nichofii  122 1  No data
Rhinopteridae    
Rhinoptera javanica  10 1  1250
Rhinoptera neglecta  122-123, 126-127  4  No data
(**Recapture from site 76)  
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Figure 2.2 Freshwater elasmobranchs and other sawfish captured during the study.  a) Pristis 
microdon, b) Himantura chaophraya, c) Pristis clavata, d) Carcharhinus leucas, e) Glyphis sp. C, 
f) Pristis zijsron, and g) Anoxypristis cuspidata.  Photographs: D. Thorburn (a-c, e), D. Morgan (d), 
M. Pember (f) and S. Peverell (g). 
 
 
 
 
 
 Table 2.3 Elasmobranch catch and composition by State/Territory (expressed as a 
percent of the total elasmobranch catch).  Shading indicates freshwater elasmobranchs 
and other sawfish. 
Total  WA NT Qld  Species 
  n % comp n % comp n  % comp  n % comp
Carcharhinus leucas  126 24.0 16 17.0 73  65.8  37 12.5
Negaprion acutidens  55 11.0 4 4.3 2 1.8  49 16.5
Aetobatus narinari  40 8.0 1 1.1 0 0  39 13.1
Carcharhinus cautus  39 7.8 11 11.7 0 0  28 9.4
Carcharhinus tilstoni  37 7.4 2 2.1 0 0  35 11.8
Pristis microdon  28 6.2 15 16.0 7  6.3  6 2.0
Himantura chaophraya  27 5.4 7 7.4 9  8.1  11 3.7
Rhinoptera neglecta  21 4.2 0 0 0 0  21 7.1
Pristis clavata  19 3.8 15 16.0 1  0.9  3 1.0
Unid. Carcharhinus sp.  16 3.2 0 0 0 0  16 5.4
Carcharhinus amblyrhynchoides  14 2.8 3 3.2 1 0.9  10 3.4
Rhizoprionodon taylori  11 2.2 0 0 8 7.2 3 1.0
Rhinobatos typus  11 2.2 0 0 0 0  11 3.7
Himantura granulata  71 . 477 . 40  0   0 0
Carcharhinus fitzroyensis  6 1.2 0 0 1 0.9 5 1.7
Himantura uarnak  51 . 055 . 30  0   0 0
Sphyrna mokarran  51 . 011 . 10  0   41 . 3
Rhizoprionodon acutus  4 0.8 0 0 3 2.7 1 0
Rhynchobatus australiae  4 0.8 0 0 0 0  4 1.3
Carcharhinus limbatus  3 0.6 2 2.1 1 0.9 0 0
Himantura undulata  30 . 622 . 10  0   10 . 3
Pastinachus sephen  3 0.6 0 0 0 0  3 1.0
Pristis zijsron  3 0.6 0 0 0  0  3 1.0
Anoxypristis cuspidata  2 0.4 0 0 2  1.8  0 0
Carcharhinus dussumieri  2 0.4 0 0 0 0  2 0.7
Aetomylaeus nichofii  1 0.2 0 0 0 0  1 0.3
Carcharhinus amboinensis  10 . 211 . 10  0   0 0
Carcharhinus melanopterus  1 0.2 0 0 0 0  1 0.3
Carcharhinus plumbeus  10 . 211 . 10  0   0 0
Galeocerdo cuvier  1 0.2 0 0 1 0.9 0 0
Himantura sp. A  10 . 211 . 10  0   0 0
Himantura toshi  1 0.2 0 0 0 0  1 0.3Total  WA NT Qld  Species 
  n % comp n % comp n  % comp  n % comp
Cont.    
Rhinoptera javanica  1 0.2 0 0 1 0.9 0 0
Sphyrna lewini  1 0.2 0 0 0 0  1 0.3
Eusphyra blochii  1 0.2 0 0 0 0  1 0.3
Rhizoprionodon oligolinx  1 0.2 0 0 1 0.9 0 0
Total individuals  502 - 94 - 111  -  297 -
 
  
Pristis zijsron was captured only in Queensland and A. cuspidata only in the Northern 
Territory.  One Glyphis sp. C was collected from Doctors Creek, Western Australia, 
by Dr David Morgan (Murdoch University) during a concurrently run project.   
 
Priority species: size and habitat characteristics  
Twenty eight P. microdon (832 to 2610 mm TL) were captured from 12 rivers 
between the Normanby River (QLD) and the Fitzroy River (WA).  Although the 
majority were captured in waters less than 5 ppt (Figure 2.3, Table 2.4), they were 
also captured in saline estuary waters (35 ppt).  Several individuals were captured 
over 300 km upstream of the mouth of rivers (e.g. Giekie Gorge).  Water clarities and 
temperatures of the capture locations ranged between 5 and 250 cm secchi and from 
21.7 to 32.5 
oC, respectively.  This species was commonly captured over fine 
substrates (sand and silt) in depths ranging between 0.7 and 6 metres, especially 
where a deeper pool or channel was associated with a sandbar or backwater. 
 
Twenty seven H. chaophraya (426 to 1240 mm DW) were captured in six river 
systems between the Normanby River (QLD) and the Fitzroy River (WA).  A 
majority of the specimens were captured over sand, in water less than one metre deep 
and salinities of less than 10 ppt.  Waters clarities and temperatures at these sites 
ranged from 26 to 273 cm secchi and from 22.3 to 31.3 
oC, respectively. 
 
One hundred and twenty six C. leucas (687 to 1520 mm TL) were captured in 15 
rivers between the Normanby River (QLD) and the Fitzroy River (WA).  This species 
was captured in freshwater and estuarine reaches (0 to 35.1 ppt) and was commonly 
captured several hundred kilometers upstream of the mouth of the river.  The 
temperature at capture locations ranged from 22.1 to 32.5 
oC with clarities between 5 
and 273 cm secchi.  
 
A single male Glyphis sp. C (998 mm TL) was captured during the time of the survey 
from macrotidal marine waters (36.6 ppt) of Doctors Creek, near the mouth of the 
Fitzroy River (WA).  The mangrove creeks in the region are highly turbid, 
characterised by silt bottoms and due to the large tides present (up to 12 m) tend to be 
devoid of instream structure.  
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Figure 2.3 The number of freshwater elasmobranchs and other sawfish compared 
with the salinity of waters in which they were caught throughout northern Australia.  
The number of sites sampled at each salinity interval are given in parenthesis. 
 Table 2.4 The water temperature, water clarity (secchi) and salinity of sampling sites 
where elasmobranchs were captured. (Water clarity and temperature data was not 
recorded in Queensland).
  Shading indicates freshwater elasmobranchs and other 
sawfish. 
Species Temperature  (
oC) Water clarity (cm) Salinity (ppt)
Carcharhinidae 
Carcharhinus amblyrhynchoides  25.1 - 31 12 - 140 31 - 39.9
Carcharhinus amboinensis  31 13 33
Carcharhinus cautus  30 - 31 12 - 250 34.7 - 38
Carcharhinus dussumieri  -- 3 5 . 1
Carcharhinus fitzroyensis  25.2 60 26 - 31
Carcharhinus leucas  22.1 - 32.5 5 - 273 0 - 35.1
Carcharhinus limbatus  25.2 - 28.8 60 31 - 39.9
Carcharhinus melanopterus  -- 3 6 . 1
Carcharhinus plumbeus  28.8 - 39.9
Carcharhinus tilstoni  28.8 - 29 140 34.2 - 39.9
Galeocerdo cuvier  25.2 60 31
Negaprion acutidens  28.8 - 31 12 - 35 34.2 - 39.9
Rhizoprionodon acutus  27 150 30 - 35.1
Rhizoprionodon oligolinx  27 25 35
Rhizoprionodon taylori  25.2 - 27 25 - 60 31 - 35
Sphyrnidae 
Eusphyra blochii  -- 3 4 . 9
Sphyrna lewini  -- 3 5 . 1
Sphyrna mokarran  28.8 - 34.7 - 39.9
Rhinobatidae 
Rhinobatos typus  - - 34.2 - 35.1
Rhynchobatidae 
Rhynchobatus australiae  - - 34.2 - 35.2
Pristidae 
Anoxypristis cuspidata  25.2 - 27 60 - 150 30 - 31
Pristis clavata  29.7 - 32.5 5 - 93 9.7 - 35.1
Pristis microdon  21.7 - 32.5 5 - 250 0 - 35
Pristis zijsron  - - 34.2 - 35.1Species Temperature  (
oC) Water clarity (cm) Salinity (ppt)
Cont. 
Dasyatidae 
Himantura sp.A  29 140 39
Himantura chaophraya  22.3 - 31.3 26 - 273 0 - 26.1
Himantura granulata  29 - 30 140 - 250 35 - 39
Himantura toshi  -- 3 4 . 7
Himantura uarnak  29 - 30 127 - 250 35 - 39
Himantura undulata  29 127 26 - 35
Pastinachus sephen  - - 35.2 - 40
Myliobatidae 
Aetobatus narinari  30 250 34.2 - 35.2
Aetomylaeus nichofii  -- 3 4 . 9
Rhinopteridae 
Rhinoptera javanica  -3 53 5
Rhinoptera neglecta  - - 34.2 - 35.2
  
Fifteen of the 19 P. clavata captured (915 to 2332 mm TL) were collected from rivers 
entering King Sound (WA).  Capture locations ranged in salinity, temperature and 
water clarity from 9.7 to 35.1 ppt, 29.7 to 32.5 
oC and 5 to 93 cm secchi, respectively 
(Table 2.4).  All capture sites were tidal with bare silt substrates.  Anoxypristis 
cuspidata (1010 and 1162 mm TL) and P. zijsron (1960 and 2540 mm TL) were 
captured in nearshore marine waters.  Neither was captured in Western Australia. 
 
2.3.2 Teleost fishes captured in the Northern Territory and Western Australia 
From the 111 sites sampled in the Northern Territory and Western Australia, a total of 
1531 bony fishes, from 46 species of 20 genera, were captured (Table 2.5).  Lates 
calcarifer,  Nematalosa erebi and Arius graeffei were encountered at the highest 
number of sampling sites and in both fresh and salt waters (Table 2.6, Figure 2.4).  
These were also the most abundant species encountered with 319 L. calcarifer, 319 N. 
erebi and 168 A. graeffei captured.  The most dominant genera were the ariid catfishes 
with a total of 538 individuals from 12 species. 
 
 
2.4 Discussion 
The project team covered over 25 000 kilometres throughout the Northern Territory 
and Kimberley region of Western Australia during the six month sampling period.  A 
number of the 39 rivers sampled were previously unsurveyed, and indeed this study 
was the first to specifically look for freshwater elasmobranchs over such a vast area of 
northern Australia.  
 
2.4.1 Elasmobranchs 
The current study provided invaluable baseline data on freshwater and other 
elasmobranchs occurring in northern Australian rivers.  Findings of particular interest 
include: 
(1)   Pristis microdon was previously unreported from the Roper, McArthur, 
Wearyan and Robinson rivers (NT) and Wenlock and Normanby rivers (Qld).  
This species was shown to be locally abundant in the Fitzroy River (WA).  
Thirteen of the 28 P. microdon captured throughout the study, were captured 
  25Table 2.5 The sites teleost fishes were captured in the Northern Territory and Western 
Australia, total number of individuals, percentage contribution (%) and total length 
range (mm). 
Species  Site numbers  # sites  n  %  TL (mm) 
Osteoglossidae          
Scleropages jardinii  6-7, 13  3  11  0.72  480 - 785 
Elopidae         
Megalops cypinoides  13, 15, 96  3  7  0.46  422 - 490 
Clupeidae         
Nematalosa erebi  2-4, 6-7, 11, 16, 27, 31, 36, 
40-41, 43, 46, 50, 53-54, 
58, 60, 63-64, 66, 71, 75-
76, 78-79, 92, 95-97, 100, 
104, 106-111 
39  319  20.84  142 - 432 
Chanidae         
Chanos chanos  63, 82-83, 85  4  17  1.11  528 - 888 
Ariidae         
Arius argypleuron  8-9, 15-16, 18-19, 20, 54, 
58, 64, 88 
11  105  6.86  234 - 648 
Arius armiger  8, 20, 101-102  4  17  1.11  156 - 593 
Arius dioctes  3, 14, 18-19, 21, 23-24, 35  8  24  1.57  295 - 1200 
Arius graeffei  8, 35-37, 40, 48, 62, 64, 
77, 81, 91-92, 94-96, 98, 
101-102, 104-111 
26  168  10.97  152 - 545 
Arius hainesi  64 1  1  0.07  369 
Arius incidiator  8  1  3  0.20  800 - 960 
Arius leptaspis  11-15, 19, 22-24, 68, 70, 
109 
12  30  1.96  334 - 805 
Arius mastersi  8-9, 14, 17-19, 21, 49, 98-
99 
10  68  4.44  296 - 655 
Arius midgleyi  27, 37, 76, 81, 100, 104-
105, 107, 111 
9  79  5.16  363 - 915 
Arius proximus  16, 83-85, 88  5  21  1.37  291 - 548 
Arius thalassinus  17 1  1  0.07  685 
Cinetodus froggatti  8, 20, 26  3  21  1.37  268 - 393 
Plotosidae         
Neosilurus ater  6-7  1  7  0.46  415 - 495 
Paraplotosus albilabris  9, 15   2  2  0.13  550 - 647 Species  Site numbers  # sites  n  %  TL (mm) 
Cont.         
Mugilidae         
Liza tade   28, 31, 33, 35-36, 79  6  30  1.96  410 - 559 
Liza vaigensis  9, 18, 58, 88, 107  5  24  1.57  380 - 505 
Valamugil buchananai  83-84  2  7  0.46  486 - 752 
Belonidae         
Strongylura kreffti  111  1  4  0.26  259 - 480 
Centropomidae         
Lates calcarifer  2-4, 6-16, 18-20, 27-28, 
30, 38, 41-42, 46-50, 52, 
54, 60, 66, 71, 76, 78-79, 
81, 88, 91, 93-99, 100, 
102-103, 107, 109 
51  319  20.84  268 - 1180 
Serranidae         
Epinephelus coioides  15, 82  2  2  0.13  324 - 390 
Carangidae         
Caranx ignobilis  88 1  1  0.07  800 
Gnathanodon speciosus  82, 88  2  3  0.20  420 - 670 
Scomberoides 
commersonnianus 
8, 50, 53-54, 57-58, 60, 63, 
72, 82, 87-88 
12  74  4.83  345 - 1035 
Scomberoides tala  16, 57-58, 83, 85  5  6  0.39  343 - 508 
Scomberoides tol  16  1  4  0.26  383 - 535 
Lutjanidae         
Lutjanus argentimaculatus  82, 85  2  4  0.26  346 - 450 
Lutjanus johnii  15-16  2  2  0.13  366 - 380 
Lobotidae         
Lobotes surinamensis  9  1  4  0.26  275 - 330 
Haemulidae         
Plectorhinchus gibbosus  16 1  1  0.07  545 
Pomadasys kaakan  58, 88  2  2  0.13  309 - 370 
Sparidae         
Acanthopagrus latus  15  1  2  0.13  230 - 280 
Polynemidae         
Eleutheronema tetradactylum  8-10, 15-18, 54, 88  9  57  3.72  295 - 753 
Polydactylus macrochir  8-9, 16, 19, 48, 54, 64, 88, 
91, 98-99 
11  35  2.29  396 - 856 Species  Site numbers  # sites  n  %  TL (mm) 
Cont.         
Sciaenidae         
Nibea sp. 1  9 1  1  0.07  338 
Nibea squamosa  18-20, 48-49, 54  6  21  1.37  342 - 678 
Protonibea diacanthus  101 1  1  0.07  867 
Toxotidae         
Toxotes chatareus  6, 11, 15, 108  4  10  0.65  248 - 305 
Toxotes kimberlyensis  91 1  1  0.07  156 
Terapontidae         
Amniataba caudavittata  82  1  2  0.13  123 - 147 
Hephaestus jenkinsi  105, 109, 111  3  11  0.72  242 - 363 
Syncomistes butleri  104 1  1  0.07  342 
Scombridae         
Scomberomorus semifasciatus  83 1  1  0.07  475 
 Table 2.6 Range of water clarity (secchi disc), temperature (
oC) and salinity (ppt) 
from which each species was captured at sample sites in the Northern Territory and 
Western Australia. 
Species  Water clarity (cm)  Temperature (
oC) Salinity  (ppt) 
Osteoglossidae     
Scleropages jardinii  110 - 180  23.8 - 24.6  0 - 0.2 
Elopidae      
Megalops cypinoides  25 - 134  23.8 - 29  0 - 35 
Clupeidae      
Nematalosa erebi  20 - 390  21.9 - 32  0 - 33.8 
Chanidae      
Chanos chanos  99 - 250  24.6 - 30.5  6.1 - 35 
Ariidae      
Arius argypleuron  12 - 60  13.5 - 31  18.1 - 38 
Arius armiger  11 - 60  24.1 - 33  18.1 - 33 
Arius dioctes  20 - 60  13.5 - 26  0.2 - 33.1 
Arius graeffei  6 - 390  22.8 - 33  0 - 33 
Arius hainesi  20 22.8  27.6 
Arius incidiator  60 25.2  31 
Arius leptaspis  20 - 300  13.5 - 31  0 - 35 
Arius mastersi  5 - 60  13.5 - 325.  19.1 - 35 
Arius midgleyi  38 - 390  21.9 - 32  0 
Arius proximus  12 - 127  27 - 31  30 - 38 
Arius thalassinus  35 27  35 
Cinetodus froggatti  5 - 60  24.1 - 25.2  0.3 - 31 
Plotosidae      
Neosilurus ater  180  23.8 - 24.6  0 
Paraplotosus albilabris  25 - 35  25.2 - 27  35 
Mugilidae      
Liza tade   26 - 273  20.9 - 31.3  0 - 9.7 
Liza vaigensis  12 - 60  23.6 - 31  0 - 38 
Valamugil buchananai  96 - 99  29 - 30.5  30 - 37 
Belonidae      
Strongylura kreffti  390 24.5  0 
Centropomidae      
Lates calcarifer  5 - 330  13.5 - 32.5  0 - 38 
Serranidae      
Epinephelus coioides  25 - 250  27 - 30  35 Species  Water clarity (cm)  Temperature (
oC) Salinity  (ppt) 
Cont.      
Carangidae      
Caranx ignobilis  12 31  38 
Gnathanodon speciosus  12 - 250  30 - 31  35 - 38 
Scomberoides commersonnianus  12 - 250  22.7 - 31  4.7 - 39 
Scomberoides tala  25 - 127  22.7 - 30.5  21.3 - 35 
Scomberoides tol  25 270  33 
Lutjanidae      
Lutjanus argentimaculatus  127 - 250  29 - 30  35 
Lutjanus johnii  25  27  33 - 35 
Lobotidae      
Lobotes surinamensis  35 25.2  35 
Haemulidae      
Plectorhinchus gibbosus  25 27  33 
Pomadasys kaakan  12 - 60  23.6 - 31  21.3 - 38 
Sparidae      
Acanthopagrus latus  25 27  35 
Polynemidae      
Eleutheronema tetradactylum  12 - 60  23.4 - 31  31 - 38 
Polydactylus macrochir  5 - 113  13.5 - 32.5  6 - 41.1 
Sciaenidae      
Nibea sp. 1  35 25.2  35 
Nibea squamosa  20 - 50  13.5 - 24.1  18.1 - 33.8 
Protonibea diacanthus  35 32  32 
Toxotidae      
Toxotes chatareus  25 - 195  23 - 29  0 - 35 
Toxotes kimberlyensis  113 30.5  6 
Terapontidae      
Amniataba caudavittata  250 30  35 
Hephaestus jenkinsi  60 - 390  24.5 - 31  0 
Syncomistes butleri  210 32  0 
Scombridae      
Scomberomorus semifasciatus  99 30.5  30 
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Figure 2.4 Salinity range (ppt) in which teleost species were captured from the 
Northern Territory and Western Australia.   at five of the six sites sampled in the Fitzroy River.  Furthermore, an additional 
15 specimens were found dead at Telegraph Pool.   
(2)  The collection of Glyphis sp. C from Doctors Creek (WA) is the first record of 
this species in Western Australia.  This species was previously only confirmed 
from the Adelaide and Alligator Rivers (NT).  
(3)  Pristis clavata was not known from the western Kimberley prior to this study.  
The species’ comparatively high abundance in the May and Robinson rivers, 
and presence in the lower Fitzroy River (Morgan et al. 2002), further indicate 
the significance of King Sound and the rivers entering it as important sawfish 
habitat.  Although Last and Stevens (1994) report that this species attains at 
least 1400 mm TL, the capture of large immature male specimens (indicated 
by the presence of small uncalcified clapsers) up to 2332 mm TL indicates the 
‘dwarf sawfish’ grows much larger than previously thought.   
(4)  Himantura chaophraya was not previously known from the Roper River (NT) 
or Mitchell and Normanby rivers (Qld).  The 1240 mm TL specimen captured 
in estuarine waters of the Roper River (Figure 2.1) is the largest specimen 
recorded from Australian waters.  
(5)  The high abundance and wide distribution of immature C. leucas captured 
throughout the survey area indicated the importance of tropical rivers as 
nursery areas for juveniles of this species. 
(6) The  undescribed  Himantura sp. A, which was previously only recorded from 
coastal habitats between Darwin (NT) to Moreton Bay (Qld) (Last and Stevens 
1994), was captured in the mouth of the King Edward River (WA).  
(7)  Rhinoptera javenica collected offshore from Ji Marda beach, Arnhem Land 
(NT), was previously unconfirmed in Australian waters. 
(8)  Rhizoprionodon oligolinx was previously only reported from waters of the 
Gulf of Carpentaria.  During this study this species was collected from 
Darbilla Creek, northern Arnhem Land (NT).  
 
Although numerous estuarine sites were sampled during this study, the discovery of 
Glyphis sp. C in a macrotidal mangrove creek entering King Sound indicated the need 
to expand the search for this species around river mouths and inshore areas.  In the 
case of the Fitzroy River, Western Australia, sampling at six sites during this study 
and sampling of 70 freshwater and estuarine sites by Morgan et al. (2002) failed to 
  26record this species.  Additionally, the presence of this species in marine waters near 
Cape Wessel, Northern Territory, and the fact that specimens collected by Larson 
(2000) were from tidally affected waters ranging in salinity from 6 to 26 ppt, may 
indicate this species is better described as a marine opportunist rather than a 
freshwater species.   
 
The toothed rostrum of Pristis  species make them highly susceptible to gill net 
fishing.  Their bottom feeding habits also mean they are susceptible to line fishing.  
The results of this study indicated that greater numbers of Pristis spp. occur in areas 
of low fishing pressure.  In Queensland, for example, P. zijsron and P. clavata were 
only recorded from an area closed to netting, i.e. the Mission River.  Furthermore, 
greater numbers of P. microdon and P. clavata were recorded in rivers entering King 
Sound, Western Australia, where there is no commercial fishing. 
 
2.4.2 Teleost records 
Sampling during this project was primarily conducted using larger meshed gill nets 
which precluded the capture of small or cryptic species.  The need remains for 
thorough ichthyological research employing additional techniques such as seine and 
trawl nets, however, the following range extensions were recorded: 
(1)  Arius mastersi and Arius armiger which were previously unreported from the 
Kimberley region (WA), were captured in the May and Robinson rivers, and 
King River, respectively. 
(2)  Cinetodus frogatti was captured in the Blyth, Mary and Adelaide Rivers (NT).  
This species was previously only reported from the Roper River.    
 (4)  Valamugil buchananai was previously unreported from the Kimberley region 
(WA), where it was captured in the Drysdale River.  Additionally, several 
specimens encountered were much larger than their reported maximum length: 
individuals were measured up to 752 mm TL as opposed to the reported 400 
mm TL and 500 mm TL by Allen (1997) and the FAO, respectively. 
(5)  A previously undescribed Nibea species was collected from Ji Marda beach, 
near the mouth of the Blyth River (NT).  This specimen is currently held by 
the Museum and Art Galleries of the Northern Territory awaiting taxonomic 
description. 
 
  272.5 Conclusions of the survey 
A lack of vehicular access, seasonal rains, logistical difficulties (associated with fuel, 
storage and provisions) and the presence of estuarine crocodiles Crocodylous porosus 
are a few of the factors that must be overcome when surveying remote rivers of 
northern Australia.  This study indicated that although freshwater elasmobranchs and 
other sawfish species were generally present in low numbers in the estuaries and 
freshwaters of northern Australia, a number of species were widely distributed.  No 
other rivers sampled were comparable to those entering King Sound (WA), which 
appeared to contain significantly higher numbers of the sawfishes P. microdon and P. 
clavata, as well as H. chaophraya, C. leucas and Glyphis sp. C, than any of the other 
systems surveyed.  A lack of legislative protection of all these species in State waters 
(irrespective of protection while in Commonwealth waters) is of immediate concern.  
Continued ichthyological exploration of the rivers and coastal areas of remote 
northern Australia is therefore essential to accurately determine the conservation 
status of these species.   
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The freshwater sawfish Pristis microdon Latham 1794 in the western 
Kimberley, Western Australia, including notes on its ecology, biology 
and cultural significance to the indigenous peoples of the Fitzroy 
River 
 
 
 
3.1 Introduction 
The remoteness, limited access and seasonal flooding of northern Australia have 
resulted in few ichthyological surveys being conducted in the region.  Although 
anecdotal records suggested that Pristis microdon was known from the west 
Kimberley, Western Australia, it was not until ichthyological surveys by Morgan et 
al. (2002) and Thorburn et al. (2003) that its presence was confirmed.  Those studies 
also indicated that the Fitzroy River supported the largest population of this species in 
comparison to all other rivers sampled.  Of the 28 P. microdon captured from the 137 
sites sampled by Thorburn et al. (2003), 13 were captured in the Fitzroy River.  Two 
individuals were also captured in the Robinson River which also enters King Sound 
approximately 50 kilometres to the north of the mouth of the Fitzroy River.   
Furthermore, this does not include the 15 dead specimens found by this author on the 
banks of the Fitzroy River at Telegraph Pool (see Figure 3.1). 
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commonly encountered in freshwaters (Last and Stevens 1994).  It is known to occur 
throughout the Indo-West Pacific including New Guinea, South-east Asia, India and 
eastern Africa.  Pristis microdon can attain lengths of up to seven metres and is 
distinguished from other sawfishes by the combination of the following 
characteristics: first dorsal fin anterior to the pelvic fins; caudal fin bearing a 
conspicuous ventral lobe; 18-23 teeth on each side of the rostrum (Last and Stevens 
1994, Compagno and Last 1998).  There is currently some argument as to whether P. 
microdon should be synonymised with Pristis perotteti and Pristis zephyreus from the 
Atlantic and east Pacific.  Similar to P. microdon these latter species are commonly 
encountered in fresh inland waters, possess a first dorsal fin anterior to pelvic fins and 
have a distinct lobe on the lower caudal fin (Thorson 1982, Last and Stevens 1994, 
Compagno and Cook 1995, Compagno and Last 1998).  Ishihara et al. (1991b), 
however, found that their rostral teeth counts varied significantly, i.e. 17-21 and 19-23 
cf. 14-17 and 16-20 in female and male P. microdon and P. perotteti, respectively, 
and although they tentatively considered that these species were valid, expressed the 
need for further investigation. 
 
Sawfish populations throughout the world have been decimated by gill net and trawl 
fisheries due to their susceptibility to entanglement in nets by their rostrum 
(Simpfendorfer 2000).  Although there are currently insufficient data to determine the 
status of Australian populations, the susceptibility of Pristis species to fishing and 
habitat loss has been observed overseas where numerous populations are threatened 
and their distributional ranges contracting (Pogonoski et al. 2002).  For example, both 
Pogonoski  et al. (2002) and  Peter Last (CSIRO Marine Research, pers. comm) 
consider that P. microdon has been eliminated from parts of South-east Asia, that 
current rates of decline for this species are unsustainable and that northern Australia 
may soon represent the only geographical region where viable populations persist.  
This decline has subsequently led to P. microdon being listed as endangered (IUCN 
Red List 2003) throughout the world and as vulnerable (Environment Protection and 
Biodiversity Conservation (EPBC) Act 1999) in Commonwealth waters of Australia.  
Commonwealth waters, however, begin three nautical miles from the low water mark 
(under the Offshore Constitutional Settlement 1987, 1988 and 1995).  The Western 
Australian (State) Government is subsequently responsible for the waters between this 
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its protection in Commonwealth waters, P. microdon is not listed under Schedule 2 
(Protected Fish) of the Western Australian State Fish Resources Management 
Regulations 1995, which precludes it from protection in waters managed by the 
Western Australian Government.   
 
With the exception of differences in rostral teeth counts between sexes and some age 
versus length data (much of which was collected from Papua New Guinean 
specimens) (Ishihara et al. 1991b, Tanaka 1991) virtually nothing is known with 
regard to the biology of this species in Australia.  Pristis microdon is also an 
important cultural and spiritual icon for a number of indigenous groups throughout 
northern Australia, including those of the Fitzroy River region such as the Bunuba, 
Gooniyandi, Nyikina and Walmajarri peoples (Morgan et al. 2002, 2004, Thorburn et 
al. 2004).  In the Fitzroy River, P. microdon is referred to as ‘galwanyi’ in Bunuba 
and Gooniyandi, ‘wirridanyniny’ in Nyikina, and ‘pial pial’ or ‘wirrdani’ in 
Walmajarri.  This species is actively fished for and remains an important food for 
traditional owners of the west Kimberley.  The cultural significance of P. microdon 
and its importance as a food source provide additional incentive to focus on this 
species in the Fitzroy River and ensure the sustainability of this iconic species as a 
food resource. 
 
In light of the current decline of many Pristis populations and the discovery that the 
Fitzroy River contained comparatively high numbers of P. microdon,  the current 
study focused on that system to meet the following aims: 
•  Determine the distribution and any broad-scale habitat associations within the 
Fitzroy River and nearby marine waters. 
•  Describe the biology of the species in those waters. 
•  Determine if a relationship exists between size and sex of individuals, and the 
size and the number of teeth on their rostrum for use as a diagnostic tool in 
determining historical sex and size data from rostra that were collected as 
trophies from sawfish in freshwaters. 
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a similar number of rostral tooth to P. microdon, and is known to occur in the 
same region) from the rostrum alone. 
•  In conjunction with the Kimberley Land Council and Kimberley Language 
Resource Centre, document the spiritual and cultural importance of this 
species and establish an education and awareness program. 
•  Implement a tagging program that in future will provide valuable data on the 
movements of P. microdon within the river and nearby marine habitats. 
•  Test the hypothesis that P. microdon and  P. perotteti are morphologically 
indistinguishable. 
 
 
3.2 Materials and Methods 
3.2.1 Study site 
Located in the western Kimberley of Western Australia the Fitzroy River drains 
almost 90 000 km
2 and is significantly larger than any other river in the region (Figure 
3.1) (Anon 1993, Storey 1998).  The Fitzroy River enters King Sound south of Derby 
and continues upstream ~300 km (past the town of Fitzroy Crossing) before splitting 
into the Margaret and Fitzroy rivers.  Sampling during this study was mainly focused 
on the river near to and downstream of this junction.  This region experiences an arid 
to semi-arid monsoonal climate and receives the majority of its rain during the ‘wet 
season’ between November and March.  During this time the river experiences peak 
flows and receives almost 90% of its mean annual streamflow of 6150 GLyear
-1 
(measured at Fitzroy Crossing), the highest of any river in Western Australia 
(Ruprecht and Rodgers 1998). 
 
3.2.2 Environmental variables and habitat 
Salinity (ppt), temperature (
oC), water clarity using a secchi disc (cm), depth (m), 
estimated flow rate (ms
-1) and tidal influence were recorded at each sampling site.  In 
addition the immediate habitat was described, including predominant sediment type, 
density of aquatic vegetation types and detritus, riparian vegetation and snag density. 
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Figure 3.1 Sites at which Pristis microdon was captured during this study and other studies, in the western Kimberley region. 3.2.3 Sample sites and methods 
Pristis microdon was captured in the Fitzroy River, King Sound and in the Robinson 
River during sampling in October and November 2002, June and November 2003, and 
March, April and July 2004.  Sampling within the river was primarily conducted at 
sites accessible to the general public including the tidally affected Snag, Telegraph 
and Langi’s Pools, and freshwaters below Camballin Barrage and in Geikie Gorge 
(Figure 3.1). 
 
Sampling equipment included sinking monofilament gill nets (20 m panels of 5, 7.5, 
10, 15 and 20 cm stretched mesh) that were set perpendicular to the river bank.  Nets 
were checked every hour to ensure that handling and release times were minimised.  
All possible data that could be collected from dead individuals found on the river 
banks was recorded.  Several individuals captured by traditional owners using baited 
lines were also utilised.  Records of P. microdon collected by colleagues undertaking 
studies in the Kimberley have been collated with data collected during the current 
study. 
 
3.2.4 Measurements and tagging 
The total length (TL) (mm), sex, clasper length and stage of calcification in males, 
rostrum length (RL) (mm) (measured from the tip to where the head begins to 
broaden, Figure 3.2), and number of teeth on each side of the rostrum were recorded 
for all individuals captured and for those captured by others (see above).  Sawfish 
captured during 2003 and 2004 were also tagged in the second dorsal prior to release 
(Figure 3.3 and 3.4).  A priority of this study was to attain as much information as 
possible on this species without employing fatal techniques.  However some vertebrae 
and dietary samples were obtained from individuals found dead on the banks and from 
traditional owners who allowed the removal of samples before consumption. 
 
3.2.5 Age and length 
Whilst such a small sample size precluded validation that growth zones are laid down 
annually, these data in conjunction with length frequency data permitted inferences to 
be made regarding the age structure of this population.  At least six vertebrae were 
removed from beneath the first dorsal fin of 10 of the dead specimens encountered 
during this study.  Vertebrae were cleaned and kept on ice in the field until they could 
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Rostrum Length
Figure 3.2 Measurement of the rostrum length (RL). 
 
 
 
Figure 3.3 Cattle style tag, leather punch and tag applicator. 
 
 
 
Figure 3.4 Location of tag in second dorsal fin of Pristis microdon. 
 be frozen.  Once defrosted, excess tissue was removed and the centra separated before 
being placed in 5% sodium hypochlorite solution until the centra were free from 
tissue.  The centra were then rinsed thoroughly in water and allowed to dry for several 
hours.  A minimum of two centra from each specimen was then embedded in resin 
and a 0.3 mm longitudinal section cut with an Isomet low speed rotary saw.  These 
sections were then mounted on a slide with DePex and observed under a dissecting 
microscope with reflected light.  Counts of the number of growth rings or annuli (i.e. 
the narrow translucent bands representing reduced growth periods, as opposed to the 
adjacent wider opaque bands that represent faster growth) commencing after the birth 
mark (identified by a change of angle on the outer edge of the corpus calcerium) were 
then made for each individual (Goldman 2004). 
 
3.2.6 Stage of maturity 
The stage of maturity in male P. microdon was determined on the basis of clasper 
calcification.  Individuals were considered immature when claspers were small and 
uncalcified, maturing if claspers were extending and becoming semi-calcified or 
mature when claspers were fully calcified (see Figure 3.7).  Recently dead females 
found on the banks were dissected and their ovaries and uteri examined.  An 
individual possessing undeveloped ovaries and thin flaccid uteri was considered 
immature, maturing when the uterus begins to enlarge and ovary contains 
differentiated ova and mature when the ovary contains yolked ova and the uterus is 
enlarged (Conrath 2004).  
 
3.2.7 Stomach contents 
Of the dead individuals encountered, the stomachs from nine were retrieved, whilst 
the others (and their stomachs) were in an advanced stage of decomposition.  Samples 
were frozen or preserved in 100% ethanol, and the contents viewed and identified 
under a dissecting microscope.  Estimation of the stomach fullness on a scale of zero 
to 10 (zero representing an empty gut and 10 being fully distended) and the 
percentage contribution of each food category was made, from which the percentage 
frequency (%F) and mean percentage volumetric contribution (%V) of each food 
category was calculated (Hynes 1950, Ball 1961). 
 
  343.2.8 Relationship of rostrum length and total length 
A likelihood ratio test (Cerrato 1990) was used to determine if the ratio of rostrum 
length (RL) to total length (TL) was significantly different between the sexes.  As a 
significant difference was detected, the SPSS statistical package was used to describe 
the relationship of RL to TL for each sex independently. 
 
3.2.9 Sexual dimorphism of rostral tooth number 
To investigate if differences exist in the number of rostral teeth between sexes, the 
number of teeth on the left and right side was recorded for 43 female and 25 male P. 
microdon.  No difference was detected between the tooth number on either side of the 
rostrum in both males and females, and as such the percentage occurrence of the 
number of rostral teeth on the left side only and the total number, occurring in female 
and males P. microdon was generated.  The SPSS statistical package was 
subsequently used to investigate if there are differences in the number of left rostral 
teeth, and of the total number of rostral teeth in males and females, using an analysis 
of variance (ANOVA).   
 
3.2.10 Identification of rostral features for use in differentiating sawfish species 
At least 20 rostrums of P. microdon and  P. clavata (also known to occur in the 
Fitzroy River; see Morgan et al. 2002 and Thorburn et al. 2003) were compared with 
the use of digital images taken from living specimens before release, dead specimens 
found on the rivers banks and those donated by fishers.  A number of rostra from 
sawfish captured in the Fitzroy River and King Sound that were held in private 
collections were also inspected.  Tooth length, rostrum lengths, tooth spaces, tooth 
morphology and rostrum ridges were several of the features compared between the 
species. 
 
 
3.3 Results 
3.3.1 Sex ratio, length ranges and capture locations 
A total of 79 P. microdon were recorded from the Fitzroy River and other sites 
sampled throughout King Sound between 2002 and 2004 (Figure 3.1).  Fifty seven of 
these were captured in the Fitzroy River, two were captured in the Robinson River 
and two were captured in the marine waters of King Sound.  A further 15 individuals 
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Camballin Barrage and two were obtained from fishers at Geikie Gorge.  Of the 
individuals sexed, 43 were female and 30 were male (sex ratio was 1.43 females : 1 
male).  The females ranged in length from 832 to 2770 mm TL, while the males 
ranged from 815 to 2350 mm TL. 
 
Two, 18, 34 and seven P. microdon were captured in King Sound (from 26 sampling 
sites) and in estuarine (from 20 sampling sites), middle (from 16 sampling sites) and 
upper (from 17 sampling sites) riverine reaches, respectively.  Pristis microdon was 
captured from salinities of 21 and 31 ppt in King Sound and from 0 to 40 ppt in the 
estuarine reaches.  Salinities in the middle and upper reaches were 0 ppt.   
 
At the sites of capture water was generally shallow and warm with an average depth 
of 2.3 m and temperatures between 29 to 32 
oC.  The capture of this species in both 
upper freshwater and macrotidal marine environments is reflected in the range of 
water clarity, with secchi disc readings ranging from greater than 170 cm at Geikie 
Gorge to as little as 5 cm in King Sound.  In terms of the immediate habitat from 
which individuals were captured, sites generally had substrates of sand and to a lesser 
extent silt, and little algal, macrophyte, detrital or large woody cover. 
 
During independent studies undertaken by colleagues working in the region, one, 12 
and two P. microdon were captured from estuarine (one site), middle (10 sites) and 
upper (16 sites) riverine sampling sites in the Fitzroy River, respectively (Morgan et 
al. 2002, 2004).  Furthermore, all of these were apparently immature.  An additional 
two large individuals (one female ~3500 mm TL and one male 3000 mm TL) were 
captured in the nearshore waters of 80 Mile Beach (Wallal) and Cape Keraudren, 
respectively (Dr Glen Young, Murdoch University, pers. comm).  The latter two 
individuals were the only animals over three metres recorded during these studies.  
Furthermore, although none of the small males captured in the Fitzroy River were 
mature, the large male captured at Cape Keraudren possessed large calcified claspers 
indicating maturity. 
 
  363.3.2 Tagging 
A total of 40 P. microdon (29 female and 11 male) were tagged during sampling in 
2003 and 2004.  One female (2150 mm TL) that was originally tagged in June 2003 
approximately three kilometres below Camballin Barrage was recaptured near the 
point of first capture four months later (November 2003).  In this time she had 
attained a length of 2180 mm TL.  Five recaptures (of three individuals) were also 
recorded from this locality in 2004.  Two of the tagged individuals, first captured 
below the Camballin Barrage in July 2004, were each recaptured twice, once in 
October and again in November (by Murdoch University researchers).  The fifth 
recapture also originally tagged at this location in July 2004, was also recaptured in 
November 2004.  Although one of the individuals did not increase in length between 
captures, the remaining two grew 82 mm and 170 mm TL in their four months at 
liberty.  Recaptures of a further two tagged sawfish in Geikie Gorge were reported to 
the Kimberley Land Council in April 2004, however the tag numbers were not 
recorded.   
 
3.3.3 Age and length 
The number of annuli present in the vertebrae, in conjunction with length-frequency 
data (collected from 44 females and 31 males) and the presence of umbilical scars, 
suggest that individuals between 800 and 900 mm TL were recently born.   
Furthermore, individuals of 1000 mm TL were approximately one year old, those 
between 1400 and 1600 mm TL were approximately two years old, those between 
1800 and 2200 mm TL were approximately three years old and the largest animals 
between 2300 and 2800 mm TL were approximately four years old (Figure 3.5, Figure 
3.6 and Table 3.1). 
 
3.3.4 Stage of maturity 
All 30 male P. microdon captured in the Fitzroy River and King Sound (ranging in 
length from 815 to 2350 mm TL) were immature, possessing small non-calcified 
claspers (Figure 3.7a).  Inner clasper length ranged from 25 to 92 mm, while the outer 
length ranged from 10 to 43 mm.  A mature male (~ 3000 mm TL) possessing large 
calcified claspers (Figure 3.7b) was captured by Dr Glen Young (Murdoch 
University) near Cape Keraudren in 2003.  Dissection of two large female P. 
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Figure 3.6 Length-frequency histograms for female and male Pristis microdon 
collected during this study. Table 3.1 Total length (mm) and respective number of growth zones on the vertebrae 
of four female and six male Pristis microdon. 
Sex  Total Length (mm)  Number of Zones 
Females  832 0 
 912  0 
 1600  2 
 2271  3-4 
Males  933 0 
 1040  1 
 1587  2 
 2080  3-4 
 2105  3 
 2142  3 
  
 
a  
 
 
 
 
 
 
 
 
 
 
b  
 
 
 
 
 
 
 
 
 
Figure 3.7 Claspers of an (a) immature 2160 mm TL P. microdon male, and (b) 
mature male ~ 3000mm TL possessing large calcified claspers. 
 
 microdon, 2500 mm TL and 2271 mm TL, found dead on the banks of the Fitzroy 
River revealed undeveloped ovaries and thin, flaccid uteri, indicating immaturity. 
 
3.3.5 Diet of P. microdon
All nine of the stomachs of P. microdon dissected contained the lesser salmon catfish 
Arius graeffei, which constituted almost 60% of their overall diet.  The other major 
components of the diets were fine detrital matter (13%V, 55%F), cherabin 
Macrobrachium rosenbergii (9%V, 67%F) and insect parts (6%V, 78%F).   
Filamentous algae (4%V, 33%F), sand (3%V, 44%F), coarse detrital matter (2%V, 
44%F), other teleost parts (1%V, 22%F), nematodes (0.5%V, 11%F) and molluscs 
(0.25%V, 11%F) were also present in the stomachs of P. microdon. 
 
3.3.6 Rostrum length versus total length, and sexual dimorphism of rostrum tooth 
number 
A likelihood ratio test revealed that the relationship between total length (TL) and 
rostrum length (RL) for female and male P. microdon were significantly different (P < 
0.001, df = 2) therefore the sexes were not pooled.  The relationship between TL and 
RL (mm) in female and male P. microdon was RL = 0.4517.TL
0.9113 (r
2 = 0.969) and 
RL = 0.8580.TL
0.8260 (r
2 = 0.957), respectively (Figures 3.8 and 3.9). 
 
A Levenes test of homogeneity found that variances in the number of left rostral teeth 
and total number of teeth, in females and males were not significantly different and 
thus the data were not transformed.  Subsequently, an ANOVA revealed that both the 
difference of the number of left rostral teeth (P < 0.001), and the total number of 
rostral teeth (P < 0.001) of males and females were significantly different.  Females 
generally possessed fewer left rostral teeth than males, which ranged from 17 to 21 
(mean of 19) and 19 to 23 (mean of 21), respectively (Figure 3.10).  Although there is 
some overlap between females and males, 97% of individuals with ≤19 left rostral 
teeth were female, and 94% of individuals with ≥21 left rostral teeth were male.   
Overlap in the total number of rostral teeth also existed between the sexes, however 
94% of individuals with ≤39 were female, and 95 % of individuals with ≥41 rostral 
teeth were male (Figure 3.11).  In terms of rostrum symmetry, 63% of females and 
44% of males had the same number of teeth on both the left and right side. 
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Figure 3.8 Relationship between total length (TL) and rostrum length (RL) in female 
Pristis microdon. 
 
 
 
Male RL = 0.8580TL
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Figure 3.9 Relationship between total length (TL) and rostrum length (RL) in male 
Pristis microdon. Number of left rostral teeth
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Figure 3.10 Percentage occurrence of the number of left rostral teeth in female and 
male Pristis microdon. 
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Figure 3.11 Percentage occurrence of the total number of rostral teeth in female and 
male Pristis microdon. 
 3.3.7 Differentiation of P. microdon and P. clavata rostrum teeth  
Inspection of the teeth present on the rostrums of both P. microdon and P. clavata 
revealed that the groove along the posterior margin of the teeth differs between the 
two species, and appears to be the most convenient means of differentiation.  In P. 
microdon  this groove was observed to be present in recently born and large 
individuals, was highly defined and ran the entire length of the tooth into and beyond 
its confluence with the blade of the rostrum itself (Figure 3.12).  Alternatively, a 
groove was not observed in juvenile P. clavata and appeared to become more defined 
with age (presumably as the tooth wears).  Furthermore, the groove in larger P. 
clavata never ran along the entire posterior edge of the tooth and was elliptical in 
shape at its confluence with the rostrum blade. 
 
 
3.4 Discussion 
3.4.1 Habitat utilisation and growth 
Many authors have considered P. microdon to be a ‘true’ freshwater species based on 
the observation that in Australia it appeared to be confined to freshwater drainages (or 
the upper reaches of estuaries), and probably bred in freshwater (Last and Stevens 
1994, Compagno and Last 1998, Pogonoski et al. 2002).  Tanaka (1991) also 
considered P. microdon to be a freshwater species, basing this contention on the facts 
that Taniuchi et al. (1991) reported that several specimens collected 80 kilometres 
from the mouth of the Sepik River possessed yolk (umbilical) scars and, secondly, 
that Thorson (1973) stated the related species P. perotteti bred in Lake Nicaragua.  
This was despite the fact that Taniuchi et al. (1991) considered that P. microdon bred 
in the estuary of the Sepik River or the sea, and that juveniles only remain in the river 
during their early stages. 
 
With the exception of two individuals captured in the marine waters of King Sound, 
all  P. microdon encountered during the current study were caught within rivers 
(essentially in the Fitzroy River).  The relatively small maximum size, i.e. ~ 2.8 m in 
length, despite this species being reputed to reach seven metres (Last and Stevens 
1994), and the fact that all the specimens inspected were immature, indicated that this 
species utilises the Fitzroy River as a nursery.  Such a strategy is also used by the bull 
shark  Carcharhinus leucas, another elasmobranch commonly referred to as a 
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Figure 3.12 Comparison of the rostral tooth shape of Pristis microdon and Pristis 
clavata from the Fitzroy River, illustrating the strong groove present along the 
posterior edge of the rostral teeth of P. microdon.  This groove is present in (a) 
juvenile (832 mm TL) and (c and e) large P.microdon, and runs the entire length of 
the tooth back into the rostrum itself.  In comparison, the posterior edge of the rostral 
teeth of (b) juvenile (865 mm TL) P. clavata is rounded (lacking a groove), and 
although a groove may be present in (d) adults it is not present along the entire length 
of the tooth (f). freshwater species.  This latter species is also known to inhabit rivers in northern 
Australia including the Fitzroy River, and while large mature individuals appear to 
remain offshore juveniles often penetrate freshwater riverine reaches far inland 
(Merrick and Schmida 1984, Thorburn et al. 2003). 
 
There are no published records of P. microdon occurring offshore of the west 
Kimberley.  However, the capture by colleagues of a 3500 mm TL female and a 3000 
mm TL mature male in nearshore marine waters over 500 km south of King Sound, 
i.e. at 80 Mile Beach (Wallal) and near Cape Keraudren, respectively (Figure 3.1), 
provide support for the notion that individuals move out of the river upon maturation, 
or alternatively attain maturity outside the river.  Some support for the latter argument 
is provided by the capture of a pupping 3030 mm TL P. microdon from the mouth of 
the Mitchell River, Queensland (Peverell 2005), indicating that female P. microdon 
may attain maturity soon after reaching an approximate length of 2800 mm TL while 
in the Fitzroy River.  Furthermore, according to the sole professional fisherman 
working in King Sound, Ferdy Bergmann, the capture of large sawfish (greater than 3 
metres) during the netting of barramundi Lates calcarifer is a relatively common 
occurrence.  Whilst the identity of these sawfish is not known, it is likely that some of 
them were P. microdon. 
 
Many fish have been reported to move large distances over a relatively short time 
during spawning and feeding migrations.  For example, Stevens et al. (2000) reports 
that during an extensive shark tagging project conducted in the waters of northern 
Australian, that the five most commonly re-captured species recorded maximum daily 
rates of movement of between 6.8 (Carcharhinus sorrah) and 24.7 (Carcharhinus 
tilstoni) km day
-1.  In addition, the tagging of golden perch Macquaria ambigua in 
South Australian rivers revealed that this species can travel at an average rate of 3.75 
km day
-1 during their upstream migration (Harris 1984).  Umbilical scars are visible 
until approximately three months of age in the nervous shark Carcharhinus cautus 
(Dr William White, Murdoch University, pers. comm).  Thus, the capture of P. 
microdon (and C. leucas) possessing umbilical scars at Camballin Weir more than 100 
kilometres upstream of the mouth of the Fitzroy River, in no way precludes their birth 
in the marine waters of King Sound.  Such a view is also consistent with that proposed 
by Taniuchi (1991) for the Sepik River population, and it is suggested that, at least in 
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and not as a ‘freshwater’ species.  The argument against P. microdon being a truly 
‘freshwater’ species in the rivers of northern Australia, is further strengthened by the 
fact that these rivers undergo massive seasonal fluctuations in water level, often 
becoming a series of small pools and billabongs for up to eight months of the year.  
Such small pools would be unlikely to provide enough food or space to maintain such 
a large predatory animal for such a lengthy period. 
 
Ichthyological surveys of rivers to the north of King Sound, including the Isdell 
Lawley, Mitchell, Prince Regent, King Edward and Drysdale rivers, (Rosen, Nelson 
and Butler cited in Vari 1978, Allen 1975, Hutchins 1977, 1981, Allen and Leggett 
1990, Thorburn et al. 2003) did not discover P. microdon.  Much of the terrain to the 
north of King Sound is high plateau, e.g. the Mitchell Plateau, and thus a majority of 
rivers flow over elevated land before plunging many metres into small estuarine 
lagoons.  Thus, these large vertical waterfalls and steep cascades present formidable 
barriers, to the upstream penetration of this species.  Between King Sound and the De 
Grey River to the south-west there are no major river systems, as in this area the Great 
Sandy Desert extends to the coast.  Furthermore, P. microdon has never been recorded 
from any of the rivers in this region, i.e. the Pilbara (Morgan and Gill 2004).  In 
addition to being one of the few rivers that is accessible to P. microdon in the Pilbara 
and west Kimberley, the Fitzroy River is the only river in this region that has a main 
channel that is accessible to the sea throughout the year.  This accessibility is 
presumably due to the combination of the following: the Fitzroy River has the highest 
run-off of any river in Western Australia and the largest catchment (~90 000 km
2) of 
any river in the Kimberley; the topography of the land surrounding King Sound and 
the Fitzroy River is comparatively flat (especially below Fitzroy Crossing where the 
floodplain extends some 300 km to the coast); and King Sound experiences the 
second largest tides in the world.  Thus, the entrance to this river is accessible to P. 
microdon throughout the year, even during the dry season, and small individuals are 
able to move upstream into waters that are rich in food and contain few large 
predators (Morgan et al. 2002, 2004).  The waters of King Sound, and permanence of 
the Fitzroy River, may therefore provide the most significant habitat for this species in 
the north of Western Australia. 
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specimens during this study, P. microdon may inhabit the river for a maximum of four 
or five years.  Assuming a birth size of between 500 (Wilson 1999) and 760 mm TL 
(Compagno and Last 1998), and that P. microdon of 1000 mm TL appear to be 
approximately one year old, the first year growth rate observed during this study 
appears consistent with the study of Tanaka (1991).  However after this period the 
estimated growth rates of each study vary greatly, with Tanaka (1991) reporting a 
much slower rate.  For example, during that study a 2473 mm TL P. microdon was 
estimated to be 16 years old (having grown 100 mm in its tenth year), whereas an 
individual of a similar total length encountered during this study was estimated to be 
four years old.  In support of the growth rates of P. microdon estimated during this 
study, Wilson (1999) reported that a captive P. microdon grew from 60 to 260 cm TL 
in three years.  Further support is also provided by the re-capture of tagged 
individuals, whereby one P. microdon was seen to grow 170 mm in its four months at 
liberty.  This period also coincided with the cooler waters of the dry season and 
presumably a slower growth period.  
 
The discrepancy in growth rates is possibly attributed to the differences in the 
technique employed when reading and interpreting the annuli present on vertebrae.  
During this study, the distinction and the number of rings present on the vertebrae 
varied greatly depending on whether transmitted or reflected light was used.  Despite 
the presence of several distinct rings on vertebral sections when observed under 
transmitted light, numerous less distinct rings were also observed between these.   
However, when both the facia of whole vertebrae and sections were viewed under a 
dissection microscope with soft reflected light, the distinct annuli became even more 
evident and thus were considered to represent annual rings.  Irrespective of the 
differences between the studies, the fact that all of the specimens captured within the 
rivers by Tanaka (1991) were immature, and that the only mature 3611 mm TL 
individual captured was from the mouth of the Oriomo River, further indicates the use 
of rivers by juveniles. 
 
3.4.2 Diet 
Pristis microdon has been noted to use its rostrum to stun fishes (Merrick and 
Schmida 1984, Pogonoski et al. 2002, Allen 2002).  This action was reflected by the 
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presence of this species in the diet, in addition to the large freshwater prawn 
Macrobrachium rosenbergii, detrital matter and sand, indicate this species forages 
close to the benthos. 
 
3.4.3 Migration of P. microdon in the Fitzroy River 
High rainfall associated with the ‘wet season’ occurs between January and March in 
the Kimberley region.  The average mean discharge of the Fitzroy River (measured at 
Willare Bridge) increases dramatically in January, peaks in February and March, and 
begins to rapidly decreases in April, with average total stream discharges of 846, 
2582, 6265 and 985 GL, respectively (Department of the Environment, Government 
of Western Australia, 2004).  During these peak flows no barriers exist to impede the 
upstream migration of P. microdon within the Fitzroy River.  Due to the erratic nature 
of this seasonal flooding, however, access throughout the catchment may be for as 
little as two weeks in years of low rainfall or more than four months in particularly 
wet years.   
 
Sampling during this project emphasised the effect of both natural and artificial 
barriers on the upstream migration of P. microdon in the Fitzroy River.  In the lower 
estuary for example, shallow sand banks form natural barriers to the upstream 
movement of sawfish at times of low flow, including neap tides.  Alternatively large 
spring tides (up to 12 metres in King Sound) cover these shallow sand banks and 
thereby provide an opportunity for fish to move further upstream.  There are several 
artificial barriers, the most significant of which is the barrage at Camballin (Figure 
3.13), that are beyond the tidal limit and act as barriers to fishes for much of the year.  
Camballin barrage is a remnant of failed irrigated agriculture trials during the 1960’s 
and diverts water into Snake Creek and the surrounding flood plain.  Although 
inundated during the peak floods of the wet season, for much of the year it is exposed 
and thus impedes the movement of all migratory species both up and downstream.  
The pools immediately below the barrage are therefore typified by high numbers of P. 
microdon and other migratory species, such as the bull shark Carcharhinus leucas 
(with the greatest numbers of both species caught at this locality throughout the study) 
and barramundi Lates calcarifer (Thorburn et al. 2003, 2004a).  A combination of a 
relatively large number of C. leucas, a large aggressive predator, immediately below 
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Figure 3.13 Camballin barrage during the late dry season, November 2004. 
 
 
 
Figure 3.14 Aboriginal artwork by Joy Nuggett depicting two freshwater sawfish 
(Mangkaja Arts).  
 
 
 the barrage and the ease of access to the barrage for fishers is likely to place 
significant pressure on P. microdon at this locality. 
 
3.4.4 The use of rostrums in distinguishing between sawfish species, sexes within a 
species, the total length of animals and for describing historical patterns of 
distribution  
While this study does not confirm or deny the validity of the synonymisation of P. 
perotteti  and  P. zephyreus with P. microdon,  the average number of rostral teeth 
observed in P. microdon was also observed to vary from that of P. perotteti.  
Although Tanaka (1991) found the growth rate of P. microdon to differ from that of 
P. perotteti (Thorson 1982) growing 18 cm in the first year and 10 cm in the tenth cf. 
30-40 cm in the first three years and 12 cm in the tenth, Tanaka (1991) does not 
appear to clarify if these species are different, but rather suggests that the differences 
may be due to the aging methodology used, rather than to their habitat.  The length-
frequency and vertebral aging data in this study, however, although being less 
comprehensive than that of Thorson (1982) and Tanaka (1991), indicate that P. 
microdon from King Sound may grow at a much faster rate than that of P. perotteti. 
 
The collection of rostrums held in private collections from sawfish captured from 
King Sound and the rivers entering it may provide valuable insight into the ecology of 
P. microdon, including historical distributions and densities.  The ability to 
distinguish P. microdon from other sawfish known to occur in the area on the basis of 
rostral tooth count or rostral morphology alone increases the efficacy of determining 
other factors, including the sex (≤19 in female P. microdon cf. ≥21 in males) and size 
of an individual from a collected rostrum.   
 
3.4.5 Cultural significance of sawfish to indigenous peoples of the Fitzroy River 
Collaboration with local peoples of the Fitzroy River region, including those from the 
Nyikina, Bunuba, Gooniyandi and Walmajarri language groups, provided the 
opportunity to collect information on traditional uses of sawfish and the historical and 
cultural importance of the species (for a full account see Thorburn et al. 2004b).  
Pristis microdon (Figure 3.14) remains an important food source for local 
communities and during this study it was not uncommon to meet women who fished 
with baited hand-lines throughout the night for a capture.  To avoid waste, sawfish are 
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The lack of bones and soft nature of the flesh also means that it is particularly 
important to older members of the communities.  Sawfish are often recognised and 
tracked in the river by observing patterns of groups of bubbles that rise to the waters 
surface.   While a majority are now caught with the use of baited hand lines, sawfish 
were traditionally captured when waterholes were poisoned by the introduction of 
crushed bark from the freshwater mangrove (Barringtonia acutangula).  However, the 
sawfish would have to be removed rapidly from the water once the poison began to 
take effect, as urine from the sawfish was known to counteract the toxicity of this 
substance.  Sawfish are generally cooked whole on hot coals.  The ‘guts’ (stomach 
and intestine) are first removed and discarded, and the removed ‘fat’ (gonad) is placed 
in a pot and stewed.  The whole sawfish may then be wrapped in the ‘papery’ bark of 
Melaleuca argentea and placed in a depression made in the coals.  More coals are 
placed over the parcel and once the meat is cooked it is dipped into the ‘fat’ and 
consumed.   
 
Both Bunuba and Goonyiyandi members explained that captures of sawfish were 
seasonal.  Small individuals were commonly captured during the wet season floods, 
while larger individuals were captured as the flood waters recede, and persist 
throughout the year.  However, in recent years, very large specimens that were 
commonly captured in the 1970’s and 80’s have not been encountered.  Cultural 
differences and uses also existed between the different language groups.  For 
example, although sawfish are an important part of a pregnant Walmajarri womans 
diet (due to a number of other foods being forbidden), pregnant Nyikina women will 
not eat sawfish as they believe it will cause a heat rash. 
 
3.4.6 Conservation recommendations 
Of greatest immediate need for the conservation of P. microdon is the recognition by 
the Commonwealth and State Governments of the significance of Australian 
populations.  Although this species has been shown to be locally abundant, as is the 
case in the Fitzroy River, the survival of this species would be supported by the 
upgrading of the current EPBC 1999 listing to endangered, and in Western Australia, 
its listing under Schedule 2 (Protected Fish) of the Fish Resources Management 
Regulations 1995.  Penalties would subsequently exist for the unlawful killing of this 
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and rubbish into the water (Figure 3.15).  Indigenous communities, however, should 
retain their traditional rights to fish for this species for consumption. 
 
Currently, the potential for intensive irrigated agriculture continues to be investigated 
in the Fitzroy River region.  The effects of impassable barriers on migratory species 
may be observed at Camballin Barrage.  While the diversion of water into Snake 
Creek is dependent upon the barrage remaining, the construction of a fish ladder or 
fish diversion channel would allow migratory species to continue upstream 
throughout the year.  Large dams such as that proposed at Dimond Gorge or Margaret 
Gorge however, which aimed to reduce the natural flooding regime during the wet 
season, and increase the flow during the dry season (Anon 1993), would invariably 
affect the seasonal distribution of fishes, and again deny migratory species access to 
the habitat upstream (P. microdon was recorded from Margaret Gorge by Morgan et 
al. (2002, 2004)).  The exclusion of species above dams has been observed on the Ord 
River above the diversion dam in Lake Kununarra (Gill et al. 2005). 
 
Indeed, further studies of P. microdon throughout the Kimberley region (and northern 
Australia) are required to understand the true robustness of Australian populations.  
As is often the case, education of local communities and others who utilise the Fitzroy 
River as to the importance of this population will assist in the persistence of this 
iconic species.   
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Figure 3.15 The removal of the ‘trophy’ rostrum and effects of discarded fishing line. 
 
 
 
 Chapter 4 
 
Records of the dwarf sawfish Pristis clavata Garman 1906 from the 
western Kimberley, Western Australia 
 
 
 
4.1 Introduction 
Prior to 1990 Pristis clavata was only known from the holotype.  However, the 
capture of 10 individuals from the Pentecost River in northern Western Australia 
subsequently led to the re-description of the species (Ishihara et al. 1991a).  Of the 
four Pristis species known from Australian waters, P. clavata can be distinguished 
from the similar wide sawfish P. pectinata Latham 1794 and green sawfish P. zijsron 
Bleeker 1851 by the possession of fewer rostral teeth (18 to 22 cf. 24 to 34 in P. 
pectinata and 24 to 28 in P. zijsron) (Last and Stevens 1994) and by its smaller size 
(i.e. less than 250 cm total length) (Compagno and Last 1998).  Although possessing a 
similar number of rostral teeth to the freshwater sawfish P. microdon, in P. clavata 
the dorsal fin origin is opposite or slightly behind the pelvic fin origin, the saw is 
relatively shorter (22-24 % of total length), the lower caudal fin lobe is smaller 
(Compagno and Last 1998) and the morphology of the rostral teeth are different (see 
Chapter 3).   
 
Since 1990 P. clavata has been captured in Australia from Cairns (despite the loss of 
these specimens and their distribution data) and the Gulf of Carpentaria (Weipa) in 
Queensland; the South Alligator and Keep rivers and Buffalo Creek in the Northern 
Territory; and the Pentecost River in Western Australia (Records of the Museum and 
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1998).  There is, however, concern that Australian populations of the species have 
been significantly reduced as a result of bycatch of commercial fishing in the region 
(Pogonoski et al. 2002).  There is also some speculation that this species has been 
extirpated from the Australian east coast (Stirling Peverell, Queensland Department of 
Primary Industry, pers. comm.). 
 
Not withstanding this apparent contraction in the range of P. clavata in Australia, nor 
the fact that the decline of sawfish populations around the world (Simpfendorfer 
2000) has led to P. clavata being listed as endangered under the IUCN Red List, a 
nomination to list P. clavata as vulnerable under the Environment Protection and 
Biodiversity Conservation (EPBC) Act 1999 was rejected due to a lack of historical 
and contemporary abundance and distribution data (Pogonoski et al. 2002).  Although 
rostra held in private collections may provide some insight into historical 
distributions, difficulties exist in identifying species based solely on rostra.  Thus, the 
ability to differentiate Pristis species on the basis of tooth count and/or rostral tooth 
morphology may be beneficial in determining their historical ranges.  
 
In 2002 P. clavata was captured in Western Australia in the lower Fitzroy, Robinson 
and May Rivers during ichthyological surveys by Morgan et al. (2002) and Thorburn 
et al. (2003).  These captures represent the first records of the species from the 
western Kimberley region of Western Australia.  Furthermore, Thorburn et al. (2003) 
captured more of this species in rivers entering King Sound, i.e. the Fitzroy, Robinson 
and May rivers, than in any of the other rivers surveyed throughout northern 
Australia.  Pristis clavata was subsequently targeted in King Sound and the Fitzroy 
River in order to: 
•  Determine the biology of this species in those waters. 
•  Test the hypothesis that rostral tooth counts and rostral morphology will differ 
between the sexes within this species (as was observed in P. microdon), and 
between it and other species, and thereby determine the usefulness of the 
rostra in exploring whether rostra held in private collections provide evidence 
of changes in range and population structure. 
  48•  Implement a tagging program that in future may provide valuable data on the 
movements of P. clavata within rivers and marine habitats. 
 
 
4.2 Materials and Methods 
4.2.1 Sample sites and methods 
Pristis clavata was captured in the lower reaches of the Fitzroy, May and Robinson 
rivers and inshore waters of King Sound between October 2002 and July 2004 (Figure 
4.1).  Sampling equipment included sinking monofilament gill nets (20 m panels of 5, 
7.5, 10, 15 and 20 cm stretched mesh) that were set perpendicular to the river bank or 
shore.  Nets were checked every hour to ensure that handling and release times were 
minimised and to reduce bycatch. 
 
4.2.2 Environmental variables and habitat 
Salinity (ppt), temperature (
oC), water clarity using a secchi disc (cm), depth (m), 
estimated flow rate (ms
-1) and tidal influence were recorded at each sampling site.  In 
addition the immediate habitat was described, including the predominant sediment 
type, density of aquatic vegetation and detritus, riparian vegetation and snag density. 
 
4.2.3 Measurements and tagging 
The total length (TL) (mm), sex, rostrum length (RL) (mm), measured from the tip to 
where the head begins to broaden, and number of teeth on each side of the rostrum 
were recorded for individuals captured.  Sawfish captured during 2003 and 2004 were 
also tagged with a Jumbo Rototag (Daltons, England) which was placed in the second 
dorsal fin before being released.  Although a priority of this study was to obtain as 
much information as possible on this species without employing fatal techniques, four 
P. clavata perished during the study despite regular checks of the nets.  A fifth dead 
specimen captured by traditional owners using a baited line was also dissected.  Some 
vertebrae for aging and stomachs for dietary analysis were therefore obtained.  Dead 
specimens were subsequently lodged with fish collections at Murdoch University.  
 
4.2.4 Age and length 
A minimum of six vertebrae were removed from beneath the first dorsal fin of the five 
dead P. clavata encountered during this study.  Excess tissue was removed and the 
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Figure 4.1 Sites at which Pristis clavata was captured during this study and other studies in the western Kimberley region. centra separated before being placed in 5% sodium hypochlorite solution until the 
centra were clean of any tissue.  The centra were then rinsed thoroughly in water and 
allowed to dry for several hours.  A minimum of two centra from each specimen was 
then embedded in resin and a 0.3 mm longitudinal section cut with an Isomet low 
speed rotary saw.  The facia of whole vertebrae and mounted sections were then 
observed under a dissecting microscope using both reflected and transmitted light.  
Counts of the number of growth rings or annuli (i.e. the narrow translucent bands 
representing reduced growth periods, as opposed to the adjacent wider opaque bands 
that represent faster growth) commencing after the birth mark (identified by a change 
of angle on the outer edge of the corpus calcerium) were then made for each 
individual (Goldman 2004). 
 
4.2.5 Stage of maturity 
The stage of maturity in all male P. clavata captured was determined on the basis of 
clasper calcification.  Males were considered immature when claspers were small and 
uncalcified, maturing if claspers were extending and becoming semi-calcified or 
mature when claspers were fully calcified.  The two dead female specimens, although 
small in size, had their ovaries and uteri examined.  An individual possessing 
undeveloped ovaries and thin, flaccid uteri was considered immature; maturing when 
the uterus begins to enlarge and ovary contains differentiated ova; and mature when 
the ovary contains yolked ova and the uterus is enlarged (Conrath 2004).  
 
4.2.6 Stomach contents 
The stomachs of the five dead P. clavata inspected were removed and frozen or 
preserved in 100% ethanol until the contents could be viewed and identified under a 
dissecting microscope.  Estimation of the stomach fullness on a scale of zero to 10 
(zero representing an empty gut and 10 being fully distended) and the percentage 
contribution of each food category was made, from which the percentage frequency 
(%F) and mean percentage volumetric contribution (%V) of each food category was 
calculated (Hynes 1950). 
 
  504.2.7 Sexual dimorphism of rostral tooth number, and relationship of rostrum length 
and total length  
To investigate if differences exist in the number of rostral teeth between the sexes, the 
number of teeth on the left and right side was recorded for 19 female and 25 male P. 
clavata.  The percentage occurrences of the number of left rostral teeth and the total 
rostral teeth occurring in female and male P. clavata, respectively, was calculated, 
and the SPSS statistical package used to investigate these differences (ANOVA).  As 
there was no significant difference in the number of rostral teeth of males and 
females, the rostrum length (RL) and total length (TL) of 13 female and 18 male P. 
clavata  were pooled and the SPSS statistical package used to generate a single 
relationship. 
 
 
4.3 Results 
4.3.1 Sex ratio, length ranges and capture locations 
A total of 44 P. clavata (Figure 4.2) were captured between 2002 and 2004.  Of these, 
41 were captured in estuarine waters of the Fitzroy, May and Robinson Rivers, and 
three were captured in marine waters of King Sound.  Nineteen were female which 
ranged in length from 865 to 2125 mm TL and 25 were male which ranged from 1059 
to 2332 mm TL (sex ratio was 0.76 females : 1 male). 
 
Pristis clavata was captured in waters ranging in salinity from 1 to 41.1 ppt and was 
generally captured on the outgoing tide.  Capture sites ranged in depth from 0.7 to 7 m 
and temperatures were between 25 and 32 
oC.  Water clarity at these sites was 
generally low being between 5 and 70 cm secchi.  All P. clavata were captured on 
silt/sand flats with low algal and macrophyte cover, low detrital levels and minimal 
large woody debris.   
 
4.3.2 Tagging 
A total of 21 P. clavata (11 female and 10 male) were tagged during sampling in 2003 
and 2004.  With the exception of one individual which was captured, tagged and 
released in King Sound, all others were tagged in the estuarine reaches of the lower 
Fitzroy River.  No recaptures have been reported. 
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Figure 4.2 Pristis clavata (1123 mm TL) from the Robinson River, Western 
Australia. 
 4.3.3 Age and length, maturity and diet 
Although vertebrae were collected from only five P. clavata, length-frequency data in 
conjunction with the number of annuli present in their vertebrae suggest that 
individuals about 900 mm TL were approximately one year old, those between 1100 
and 1200 mm TL about two years old and those approximately 1600 mm TL about 
three years old (Table 4.1 and Figure 4.3). 
 
All male P. clavata captured were immature.  The inner and outer lengths of the 
claspers of the smallest male (1059 mm TL) were 40 mm and 14 mm, respectively.  
The inner and outer lengths of the claspers of the largest male (2255 mm TL) were 
110 mm and 45 mm, respectively.  Inspection of the ovaries and uteri of two females 
865 and 1195 mm TL revealed both to be immature. 
 
Four of the five P. clavata stomachs inspected contained food.  Prawn, popeye mullet 
Rhinomugil nasutas, fine detrital matter and unidentified teleost parts occurred in 75, 
50, 50 and 25 % (%F) of the stomachs, respectively, which represented volumetric 
contributions (%V) of 19.2, 48.7, 25.8 and 5.3 %, respectively, of the diet. 
 
4.3.4 Sexual dimorphism of rostrum tooth number, and rostrum length versus total 
length  
Based on the pooled rostral measurements of 13 female and 18 male P. clavata the 
RL was an average of 20.1 ± 0.002 % of the TL and RL = 0.6142.TL
0.8475 (mm) 
(Figure 4.4).  The difference in the number of left rostral teeth and the total number of 
rostral teeth of males and female P. clavata was not significantly different.  Both 
sexes averaged 21 left rostral teeth (Figure 4.5) and a total of 42 rostral teeth (Figure 
4.6). 
 
 
4.4 Discussion  
The results of this study suggest that the estuarine waters of the rivers entering King 
Sound are important habitat for juvenile P. clavata.  Despite being known to penetrate 
some distance upstream (Compagno and Last 1998, Thorburn et al. 2003), P. clavata 
was not encountered in freshwaters during this study.  Pristis clavata may adopt a 
strategy similar to that of P. microdon, where juveniles remain within rivers and move 
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vertebrae of Pristis clavata. 
Sex  Total Length (mm)  Number of Zones 
F 865  1 
M 1059  2 
M 1123  2-3 
F 1195  2-3 
M 1601  3 
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Figure 4.3 Length-frequency histograms for female and male Pristis clavata collected 
during the study.  
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Figure 4.4 Relationship between total length (TL) and rostrum length (RL) in Pristis 
clavata captured during the study.  
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Figure 4.5 Percentage occurrence of the number of teeth on the left side of the 
rostrum in female and male Pristis clavata. 
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Figure 4.6 Percentage occurrence of the total number of rostral teeth in female and 
male Pristis clavata. 
 offshore upon maturation (Chapter 3).  However, unlike juvenile P. microdon which 
were found to penetrate long distances into freshwaters, juvenile P. clavata were only 
found in the estuary. 
 
Pristis clavata collected during this study possessed a similar range in the number of 
rostral teeth, and had a similar relationship between RL and TL, to the 10 individuals 
collected from the Pentecost River in the east Kimberley (Ishihara et al. 1991a).  Prior 
to this study a lack of specimens led to this species being considered a ‘small’ (dwarf) 
sawfish with a maximum of total length of 2500 mm TL (Compagno and Last 1998).  
However, the size (up to 2332 mm TL) and maturity of the individuals captured 
during this study, in addition to the capture of a 3060 mm TL mature male from 
waters of the Gulf of Carpentaria, Queensland (Peverell 2005), indicates that this 
species grows much larger.  Observations of annuli present on vertebrae indicated that 
annual growth of P. clavata in the first few years may be between 100 to 200 mm TL.  
This was less than the annual growth observed in P. microdon (Chapter 3) from the 
same region.  Considering P. microdon is thought to mature at approximately three 
metres TL and is reported to grow to seven metres TL (Last and Stevens 1994) it is 
likely that P. clavata also grows to in excess of five metres TL.  Thus, the referral of 
the species as the ‘dwarf’ sawfish may be erroneous.   
 
Unlike P. microdon the sex of P. clavata could not be determined from the number of 
rostral teeth.  However, the ability to collect historical size (TL) data (extrapolated via 
the relationship with RL) from rostrums held in private collections may provide 
insight into the maximum size this species can attain. 
 
As Rhinomugil nasutas was the major prey item in the diet of P. clavata collected, 
this may indicate that P. clavata feeds along the rivers banks where R. nasutas 
commonly schools.  The stomachs also contained detrital matter and prawns, which is 
indicative of feeding close to the benthos.  However, in contrast to P. microdon 
(Chapter 3), none of the stomachs of P. clavata contained Arius graeffei.   
 
4.4.1 Conservation recommendations 
Of greatest immediate need for the conservation and recovery of P. clavata is the 
recognition by the Commonwealth and State Governments of Australia of the 
  53significance of Australian sawfish populations.  Although results of this study suggest 
this species may be comparatively abundant in the region, the listing of P. clavata, 
under the Commonwealth EPBC Act 1999 and under Schedule 2 (Protected Fish) of 
the Fish Resources Management Regulations 1995 by the Western Australian State 
Government, would deter both commercial and recreational parties from killing 
captured individuals.  Indeed future ichthyological surveys of the estuarine and 
coastal waters of northern Australia are required to determine the status of P. clavata.   
However, immediate protective actions via legislation and education may slow the 
decline of these populations.  While estuarine waters appear to be important habitat 
for juveniles of the species the identification of critical habitats of adults also needs to 
be established.  
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The northern river shark Glyphis sp. C in Western Australia, 
including aspects of its biology, ecology, morphometry and a 
provisional description 
 
 
 
5.1 Introduction 
In 1843 Agassiz erected the genus Glyphis and in which was placed the speartooth 
shark Glyphis glyphis Müller and Henle 1839 and the Ganges river shark G. 
gangeticus Müller and Henle 1839.  Since then the Irrawady river shark G. siamensis 
Steindachner 1896 and at least three formally undescribed species (i.e. Glyphis sp. A, 
sp. B and sp. C) have also been assigned to this genus.   
 
Members of the genus can be readily distinguished from all other carcharhinids by the 
possession of a second dorsal fin height between one half and three fifths that of the 
first (Last and Stevens 1994) and non-crescentic, longitudinal precaudal pits 
(Compagno & Niem 1998).  However, the placement of individuals to a species 
within the genus is fraught with difficulty and confusion.  This confusion may be 
attributed to XX factors.  Firstly, specimens require dissection or radiographing for 
species diagnosis because two of the better characteristics for identification are the 
total number of vertebrae and number of diplospondylous caudal centra.  Secondly, 
  55the loss of the holotype of G. glyphis and  G. gangeticus, and the unknown 
whereabouts of the single known specimen of G. siamensis at the Naturhistorisches 
Museum, Vienna (or indeed whether it is Carcharhinus leucas) (Compagno 1999), 
precludes a detailed re-examination and re-description of these holotypes.  Thirdly, 
there are only a small number of individuals that have been putatively identified as 
these aforementioned species or as Glyphis sp. A, sp. B or sp. C, which have been 
retained and placed in museum collections, and which are available for examination 
and comparison.   
 
The difficulties in identifying the species and determining their distribution is 
graphically illustrated by the following example.  In 1997, Fowler reported the 
occurrence of the Borneo river shark Glyphis sp. B from the Kinabatangan River in 
north Borneo.  This was the first record of this species since the first and only 
specimen was collected over 100 years previous.  However, Compagno (cited in 
Fowler 1997) considered that the photographs of the latter specimens suggested that it 
was another undescribed species, the Bizant river shark Glyphis sp. A.  Furthermore, 
the fact that Compagno and Niem (1998) point out that Glyphis sp. A may be identical 
to  G. glyphis, not only compounds the difficulties in assigning the Kinabatangan 
River individuals in particular, but also further illustrates the taxonomic confusion 
that exists within the genus in general.  
 
The identification, and thus the distributions, of Glyphis species occurring in Australia 
mirrors the difficulty and confusion that exists for the species of this genus elsewhere.  
The first records for the genus occurring in Australia are for Glyphis sp. A collected in 
1983 from near the saltwater interface in the Bizant River, Queensland, (Last and 
Stevens 1994) and for Glyphis sp. C collected from the Adelaide River, Northern 
Territory, in 1989 (Taniuchi et al. 1991).  Since these first records Glyphis sp. A has 
been recorded from the Adelaide River, East, West and South Alligator rivers, and 
Murganella Creek in the Northern Territory.  Furthermore, up until 2002, Glyphis sp. 
C had been recorded from the Adelaide River, and the East and South Alligator rivers 
in the Northern Territory (Museum and Art Galleries of the Northern Territory 
records).  
 
  56The Fitzroy River and waters of King Sound support relatively large numbers of 
otherwise rare elasmobranchs, including the endangered (World Conservation Union 
(IUCN) Red List 2003) sawfishes Pristis microdon and P. clavata (Thorburn et al. 
2003).  It was therefore likely that these waters also supported relatively large 
numbers of other rare fishes, including the endangered (as listed in the Environment 
Protection and Biodiversity Conservation (EPBC) Act 1999) or critically endangered 
(as listed by Pogonoski and Pollard 2003 and IUCN 2003) Glyphis sp. C.  Thus, the 
aim of this chapter was to: 
•  Target the waters of the region in order to collect enough individuals to 
provide preliminary taxonomic and biological descriptions. 
•  Determine whether these waters are a refuge for this species.  
 
 
5.2 Methods 
5.2.1 Sample sites, methods, environmental variables and habitat 
Forty sites were sampled in macrotidal mangrove areas of King Sound (including 
Doctors Creek) and in the lower Fitzroy River (the nearest major river system) in 
2003 and 2004 (Figure 5.1).  All sites were sampled using monofilament gill nets 
(consisting of 20 m panels of 5, 7.5, 10, 15 and 20 cm stretched mesh) and baited 
lines.  The salinity (ppt), temperature (
oC), tidal movement, water clarity using a 
secchi disc (cm), depth (m), sediment type, density and type of detritus and snag 
density was recorded for each capture location.   
 
5.2.2 Length, weight, maturity and diet  
All individuals were immediately euthanased by placement in an ice slurry.  The total 
length (TL mm), height of the first and second dorsal fins (mm), sex and weight (g) 
were then recorded.  In males, maturation was determined by the development and 
level of calcification of the claspers, while the maturity of the largest female specimen 
was determined via dissection, and using the criteria described by Conrath (2004).  
Insight into the diet was obtained through dissection and X-ray of the specimens.   
 
5.2.3 Morphometrics and meristics  
Vertebral counts were made from X-rays of nine and dissection of one Glyphis sp. C, 
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FIGURE 5.1 The sites sampled and capture locations for Glyphis sp. C in King Sound, 
and in the Fitzroy River during June and November 2003, and April 2004. and included counts of the trunk (monspondylous centra), precaudal 
(monospondylous and dispondylous centra to the origin of the upper lobe of the 
caudal fin) and caudal centra (centra of the caudal fin).  X-ray revealed that the spine 
of the first specimen collected was severely deformed (see Figure 5.3).   
Morphometrics and meristics were subsequently taken for the nine individuals 
collected in 2003 and 2004, and which followed the FAO system of Compagno 
(1984).  Tooth row counts were recorded from whole specimens and from the jaw of 
the dissected specimen. 
 
 
5.3 Results 
5.3.1 Capture locations, sex ratio, length and weight  
All 10 Glyphis sp. C were captured in macrotidal (12 m diurnal tide) marine waters of 
King Sound (Table 5.1, Figure 5.1 and Figure 5.2).  None was captured in the Fitzroy 
River.  Three individuals were captured at the entrance of a small tributary in the 
northern branch of Doctors Creek and seven were captured at the mouth of another 
small tributary approximately 20 km south of Doctors Creek.  The first specimen was 
caught on a baited line, while the remaining nine were captured while gill netting 
prior to low tide.   
 
All capture locations were dominated by mangroves and had salinities between 20 
ppt, due to freshwater input from seasonal rains in April, and 36.6 ppt.  Water 
temperatures at the collection sites were between 22 and 31
oC.  Water clarity in June 
2003 was also generally low with secchi depths of only 3 to 4 cm, however, wet 
season runoff during April 2004 increased water clarity to 70 cm. 
 
Seven of the ten Glyphis sp. C collected were male, ranging in length from 906 to 
1418 mm TL and weighing between 5150 and 18640 g.  The three female specimens 
were between 940 and 1350 mm TL and weighed between 5970 and 16830 g.  The 
mean ratio of the height of the second dorsal fin to the first dorsal fin of the nine 
specimens collected during 2003 and 2004 was 0.62 (± 0.01 S.E.), and ranged from 
0.58 to 0.66.   
 
  58Table 5.1 Western Australian Museum (WAM) specimen number, capture location, sex, maturity, total length (TL), weight, total 
vertebrae, heights of the first and second dorsal fins, and dorsal fin ratio of Glyphis sp. C from King Sound.  Maturity status is given as: 
I-immature; SM-semi-mature and; M-mature. 
WAM 
number 
Location  Sex  Maturity  TL (mm) Weight  (g)  Total  
vertebrae 
First dorsal 
height (mm) 
Second dorsal 
height (mm) 
Dorsal fin 
ratio 
P.32597.001 Doctors Ck  M  SM  994  -  140  -  -  - 
P.32598.001 Doctors Ck  M  I  906  5150  147  88.14  58.60  0.66 
P.32599.001 Doctors Ck  F  I  957  5970  147  100.98  63.79  0.63 
P.32600.001 King Sound  F  I  1350  16830  151  142.26  82.91  0.58 
P.32600.001 King Sound  M  I  1191  10560  148  129.16  82.66  0.64 
P.32600.001 King Sound  M  M  1418  18640  142  150.70  86.84  0.58 
P.32600.001 King Sound  M  I  1022  7700  147  98.53  59.72  0.61 
-                
                
                 
King  Sound  M I 1112 9010 143 118.9 74.9 0.63
- King  Sound  F I 940 5250 149 92.5 56.3 0.61
- King  Sound  M SM 1217 12570 148 124.6 79.3 0.64
  
 
Figure 5.2 The northern river shark Glyphis sp. C (957 mm TL) from Doctors Creek 
(WAM P.32599.001). 
 5.3.2 Vertebral counts and spinal deformation 
Vertebral counts ranged between 140 and 151 with a mean of 146 (± 1.14 S.E.) (Table 
5.1).  Fusion of vertebrae and spinal deformation was present in the first specimen 
caught (Figure 5.3) and also in the largest male and largest female collected during 
June 2003.  A count of the number of diplospondylous caudal centra for all the 
specimens ranged from 64 to 70. 
 
5.3.3 Maturity and diet 
Of the males, only the largest (1418 mm TL) was mature (claspers fully calcified), 
two were maturing (994 and 1217 mm TL, claspers semi-calcified) and the remainder 
were immature.  All females were immature. 
 
X-rays revealed that the stomachs of four of the eight specimens contained fork-tailed 
catfishes (likely Arius graeffei Kner and Steindachner, 1867), identifiable by their 
barbed spines and distinctive head shield of the upper skull.  The stomach of a 
dissected female contained a large piece of threadfin salmon Polydactylus macrochir 
(Günther, 1867). 
 
5.3.4 Provisional description of Glyhpis sp. C from King Sound  
Description 
Proportions as percentages of total length for nine specimens of Glyphis sp. C are 
presented in Table 5.2.  Mean proportions are presented throughout this description, 
and ranges shown in parenthesis.   
 
Snout short and bluntly rounded, preoral length 0.69 (0.67-0.82) times mouth width.  
Head short, narrowly wedge shaped in lateral view, length 1.14 (1.07-1.24) to 
pectoral-pelvic space; outline bluntly pointed in lateral view.  Eyes very small, length 
29.43 (24.36-33.01) in head length, 0.99 (0.83-1.10) times eye height; dorsolateral on 
head.  Spiracles absent.  First four gill slits higher than fifth, height of fifth 0.79 (0.70-
0.84) of third; height of third 6.09 (5.45-6.64) in head and 0.21 (0.18-0.23) of eye 
length.  Gill slits straight or slightly concave; not elevated on dorsolateral surface of 
head, upper ends about opposite lower edges of eyes or slightly below; gill filaments 
not visible from outside.  Nostrils small, well in front of mouth, width 3.42 (3.18-
3.63) in internarial space, 0.46 (0.40-0.53) in eye length, and 2.20 (1.97-2.42) in third 
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a) 
 
 
b) 
 
Figure 5.3 a) X-ray showing severe fusing of vertebrae and spinal curvature, and b) 
distorted appearance of the first Glyphis  sp. C specimen (994 mm TL) collected in 
Western Australia (WAM P.32597.001). 
 
 
 Table 5.2 Morphometric proportions as percentages of total length for nine Glyphis sp. C collected from King Sound throughout 2003 
and 2004.     
  Sex  F                          M M M M F M F M
  Collected  2003                          2003 2003 2003 2003 2003 2004 2004 2004 Mean Min Max
1  TOTF-Total length (mm)  1350                         
                         
                         
                         
                         
                         
                       
                       
                       
                       
                         
                         
                         
                         
                         
                       
                         
                       
                       
                       
                       
                         
                       
                       
                       
                       
                         
                       
                       
                       
                       
                       
                       
                       
                         
                         
                       
                         
                         
1191 906 1418 1022 957 1112 940 1217 1123.7 906.0 1418.0
2  PRC-Precaudal length  74.5 74.4 74.9 75.0 74.1 74.4 74.8 74.7 74.9 74.6 74.1 75.0
3  PD2-Pre-second dorsal length  61.6 60.9 61.3 61.1 60.4 61.0 60.4 60.4 60.6 60.9 60.4 61.6
4  PD1-Pre-first dorsal length  30.8 30.6 30.8 30.0 30.3 31.1 29.5 30.1 29.7 30.3 29.5 31.1
5  HDL-Head length  25.3 25.1 25.4 24.5 25.2 26.1 25.3 24.6 24.4 25.1 24.4 26.1
6  PG1-Prebranchial length  21.1 21.1 21.6 21.0 21.4 22.1 21.2 21.1 20.6 21.2 20.6 22.1
7  POB-Preorbital length  8.4 8.7 9.2 9.3 9.3 9.9 9.1 9.5 9.4  9.2 8.4 9.9
8  POB- DIRECT  6.5 7.0 7.2 6.9 6.8 7.3 7.1 7.5 7.9  7.1 6.5 7.9
9  POR-Preoral length  7.1 7.1 7.7 7.0 7.3 7.6 7.2 7.6 7.1  7.3 7.0 7.7
10  PRN-Prenarial length  5.0 4.6 5.3 5.4 5.4 5.6 5.3 5.6 5.5  5.3 4.6 5.6
11  PP1-Prepectoral length  26.0 25.4 25.2 24.8 24.7 25.7 26.6 24.6 24.0 25.2 24.0 26.6
12  PP2-Prepelvic length  51.2 50.1 50.7 50.0 49.1 50.6 50.5 49.9 50.2 50.3 49.1 51.2
13  SVL-Snout-vent length  54.1 53.2 53.8 52.4 52.4 54.3 53.6 53.5 52.8 53.3 52.4 54.3
14  PAL-Preanal length  62.5 61.5 62.7 61.6 61.5 61.4 61.6 61.5 62.4 61.9 61.4 62.7
15  IDS-Interdorsal space  19.3 19.0 19.7 21.2 19.2 19.5 18.2 20.0 19.8 19.5 18.2 21.2
16  DCS-Dorsal-caudal space  6.5 7.5 7.5 7.3 7.2 6.5 6.6 6.7 6.9  7.0 6.5 7.5
17  PPS-Pectoral-pelvic space  21.9 23.1 21.0 22.4 20.3 22.3 21.9 22.9 22.0 22.0 20.3 23.1
18  PAS-Pelvic-anal space  6.0 6.3 6.1 7.3 6.1 5.7 6.0 4.1 6.9  6.0 4.1 7.3
19  ACS-Anal-caudal space  5.6 5.6 5.8 6.0 6.2 6.0 5.6 5.8 5.5  5.8 5.5 6.2
20  EYL-Eye length  0.8 0.8 1.0 0.8 0.9 0.9 0.8 0.9 0.8  0.9 0.8 1.0
21  EYH-Eye height  0.7 0.8 1.0 0.8 0.9 1.1 0.7 0.9 0.9  0.9 0.7 1.1
22  INO-Interorbital space  11.2 11.5 11.8 11.6 11.5 12.1 11.3 11.4 11.2 11.5 11.2 12.1
23  NOW-Nostril width  1.7 1.9 1.9 1.9 1.9 2.0 2.0 1.9 1.8  1.9 1.7 2.0
24  INW-Internarial space  6.2 6.4 6.7 6.4 6.4 6.8 6.3 6.4 6.1  6.4 6.1 6.8
25  ANF-Anterior nasal flap length  0.7 0.7 0.6 0.7 0.6 0.7 0.6 0.6 0.6  0.6 0.6 0.7
26  MOL-Mouth length  5.8 5.4 5.6 5.3 5.1 5.6 5.4 5.5 5.6  5.5 5.1 5.8
27  MOW-Mouth width  10.5 10.6 10.7 10.4 10.7 10.7 10.6 10.7 10.3 10.6 10.3 10.7
28  ULA-Upper labial furrow length  0.6 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4  0.5 0.4 0.6
29  LLA-Lower labial furrow length  0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3  0.2 0.2 0.3
30  GS1-First gill slit height  3.8 3.1 4.1 3.6 3.8 3.6 3.5 3.7 3.6  3.7 3.1 4.1
31  GS2  3.9 3.3 4.4 4.1 3.9 3.8 4.1 4.3 4.1  4.0 3.3 4.4
32  GS3  4.1 3.8 4.5 4.5 4.0 4.2 3.9 4.1 4.1  4.1 3.8 4.5
33  GS4  4.0 3.7 4.2 4.3 3.9 4.1 3.7 4.0 4.0  4.0 3.7 4.3
34  GS5-Fifth gill slit height  3.2 3.1 3.6 3.6 3.2 3.4 2.8 3.2 3.5  3.3 2.8 3.6
35  HDH-Head height  14.7 14.4 13.9 14.3 15.5 15.0 15.8 13.2 16.2 14.8 13.2 16.2
36  TRH-Trunk height  17.1 16.8 17.0 17.2 17.0 16.2 15.9 15.9 18.4 16.8 15.9 18.4
37  CPH-Caudal peduncle height  3.9 3.9 3.9 3.6 3.7 4.0 3.6 3.6 3.7  3.8 3.6 4.0
38  HDW-Head width  13.9 13.2 13.2 13.0 13.5 14.5 14.5 12.9 14.2 13.7 12.9 14.5
39  TRW-Trunk width  15.2 14.8 13.1 12.9 15.0 15.9 14.2 14.1 16.9 14.7 12.9 16.9  Sex  F M M M M F M F M         
  Collected  2003 2003 2003 2003 2003 2003 2004 2004 2004    Mean  Min  Max 
                        40  CPW-Caudal peduncle width  3.1 3.2 3.3 3.0 3.5 3.3 2.7 3.3 2.8  3.1 2.7 3.5
41  P1L-Pectoral length  13.8                         
                         
                       
                         
                       
                         
                       
                       
                       
                       
                       
                       
                       
                       
                       
                         
                         
                         
                       
                       
                         
                         
                       
                       
                       
                       
                       
                       
                       
                       
                       
                       
                       
                         
                         
                       
                         
                       
                       
                       
                       
                       
12.9 13.0 13.0 13.2 13.7 12.9 12.8 12.5 13.1 12.5 13.8
42  P1A-Pectoral anterior margin  22.2 22.4 20.5 21.6 20.8 22.1 21.8 19.4 20.7 21.3 19.4 22.4
43  P1B-Pectoral base  8.1 7.5 7.1 7.5 7.9 8.3 7.4 7.5 7.3  7.6 7.1 8.3
44  P1H-Pectoral height  20.4 20.1 19.2 18.5 19.3 20.2 20.5 18.9 19.4 19.6 18.5 20.5
45  P1I-Pectoral inner margin  6.1 6.3 6.4 6.2 6.4 6.7 6.0 6.6 6.1  6.3 6.0 6.7
46  P1P-Pectoral posterior margin  19.1 19.2 18.2 18.9 18.8 19.6 20.0 18.2 18.6 19.0 18.2 20.0
47  P2L-Pelvic length  9.6 9.6 9.8 9.2 9.2 10.2 8.9 9.9 9.5  9.5 8.9 10.2
48  P2A-Pelvic anterior margin  8.1 8.2 8.6 7.6 8.1 9.1 8.4 7.7 8.1  8.2 7.6 9.1
49  P2B-Pelvic base  6.7 6.7 6.8 5.4 5.8 6.8 6.5 6.8 6.2  6.4 5.4 6.8
50  P2H-Pelvic height  8.1 6.9 7.5 7.0 7.3 8.1 7.2 7.3 7.3  7.4 6.9 8.1
51  P2I-Pelvic inner margin length  3.7 3.5 3.6 4.8 3.7 3.9 3.3 3.8 3.7  3.8 3.3 4.8
52  P2P-Pelvic posterior margin length  7.8 8.0 8.3 7.4 7.9 8.2 7.8 8.3 7.9  8.0 7.4 8.3
53  CLO-Clasper outer length  - 2.4 1.7 6.6 2.0 - 2.6 - 4.3  3.3 1.7 6.6
54  CLI-Clasper inner length  - 4.5 3.7 9.0 3.5 - 3.7 - 6.0  5.1 3.5 9.0
55  CLB-Clasper base width  - 1.1 0.9 1.5 0.7 - 0.9 - 1.1  1.0 0.7 1.5
56  D1L-First dorsal length  17.4 17.2 17.0 16.7 17.1 17.7 17.5 17.5 17.0 17.2 16.7 17.7
57  D1A-First dorsal anterior margin  14.3 14.4 13.9 14.3 13.9 15.2 14.2 14.2 14.1 14.3 13.9 15.2
58  D1B-First dorsal base  12.9 12.3 11.9 12.2 11.9 12.6 12.7 12.0 12.3 12.3 11.9 12.9
59  D1H-First dorsal height  10.5 10.8 9.7 10.6 9.6 10.6 10.7 9.8 10.2  10.3 9.6 10.8
60  D1I-First dorsal inner margin  4.9 5.4 5.6 5.3 5.4 5.3 5.5 5.5 4.6  5.3 4.6 5.6
61  D1P-First dorsal posterior margin  13.1 13.3 11.2 13.1 11.7 12.5 14.1 13.1 12.5 12.7 11.2 14.1
62  D2L-Second dorsal length  10.2 10.9 10.9 10.5 10.4 11.1 11.2 11.1 10.7 10.8 10.2 11.2
63  D2A-Second dorsal Anterior margin  8.6 9.1 9.0 8.8 8.6 9.9 9.3 9.3 8.8  9.0 8.6 9.9
64  D2B-Second dorsal base  6.6 7.1 7.1 7.0 6.8 7.3 7.8 7.4 8.0  7.2 6.6 8.0
65  D2H-Second dorsal height  6.1 6.9 6.5 6.1 5.8 6.7 6.7 6.0 6.5  6.4 5.8 6.9
66  D2I-Second dorsal inner margin  3.8 4.3 4.2 3.8 4.0 4.1 3.9 4.1 3.4  4.0 3.4 4.3
67  D2P-Second dorsal posterior margin  7.8 8.1 8.0 7.0 7.7 8.1 8.0 8.2 7.2  7.8 7.0 8.2
68  ANL-Anal length  9.4 9.2 9.4 9.3 9.4 10.3 9.7 10.1 8.9  9.5 8.9 10.3
69  ANA-Anal anterior margin  8.0 8.3 8.4 8.5 8.3 8.8 8.6 9.1 8.0  8.4 8.0 9.1
70  ANB-Anal base  6.4 6.4 6.0 6.6 6.4 6.6 6.4 7.2 5.9  6.4 5.9 7.2
71  ANH-Anal height  4.7 5.0 5.3 4.7 4.6 5.1 5.7 5.9 5.5  5.2 4.6 5.9
72  ANI-Anal Inner margin  3.3 3.5 3.5 3.1 3.4 3.7 3.9 3.7 3.2  3.5 3.1 3.9
73  ANP-Anal posterior margin  5.8 5.9 5.9 5.5 5.6 5.8 6.4 6.3 6.1  5.9 5.5 6.4
74  CDM-Dorsal caudal margin  24.4 25.2 24.6 24.3 25.0 24.8 24.7 24.4 24.1 24.6 24.1 25.2
75  CPV-Preventral caudal margin  13.4 13.9 13.4 13.7 13.0 13.9 13.9 12.9 13.4 13.5 12.9 13.9
76  CPL-Lower postventral caudal margin  6.8 7.9 7.0 7.3 7.1 7.4 7.0 7.2 6.8  7.2 6.8 7.9
77  CPU-Upper postventral caudal margin  13.3 12.9 13.4 13.6 13.1 12.5 12.6 13.2 13.1 13.1 12.5 13.6
78  CST-Subterminal caudal margin  3.8 3.8 4.0 3.8 4.0 3.7 3.5 3.9 3.5  3.8 3.5 4.0
79  CTR-Terminal caudal margin  7.0 7.4 7.3 7.0 7.1 6.7 5.6 7.1 6.0  6.8 5.6 7.4
80  CTL-Terminal caudal lobe  8.2 8.3 8.3 7.9 8.2 8.1 7.3 8.2 7.5  8.0 7.3 8.3
81  DAO-Second dorsal origin-anal origin  0.8 1.4 1.6 1.0 1.5 1.3 2.3 1.3 1.8  1.5 0.8 2.3
82  DAI-Second dorsal insertion-anal insertion  0.6 0.9 1.3 0.7 0.7 0.5 0.8 0.7 0.9  0.8 0.5 1.3
 gill slit opening.  Nasal flaps small, with pointed tips, directed posterolaterally.   
Mouth strongly concave, width 2.37 (2.29-2.45) in head length; length 1.93 (1.80-
2.09) in width; lower symphysis behind upper symphysis. Tooth formula (N = 9) is: 
15   2   15 
15   1   15 
Upper teeth broad based triangular, finely serrated along both margins; lower teeth 
lanceolate, lacking serration; lower anterior symphysial teeth smaller than those 
adjacent.  Body stout; length of trunk from fifth gill openings to vent 1.13 (1.08-1.18) 
times head length; no predorsal, interdorsal or postdorsal ridges on midline of back; 
no lateral ridges.  Longitudinal upper pre-caudal pit; caudal peduncle without lateral 
keels; height 0.83 (0.76-0.94) in width, 1.86 (1.63-2.03) in dorsal-caudal space.   
Pectoral fins long triangular, large with pointed blunt apices; straight or moderately 
convex anterior margins, 1.63 (1.52-1.73) times its length; bases narrow; posterior 
margins weakly concave; free rear tips rounded and inner margins slightly concave; 
origins under interspace between fourth and fifth gill openings. Pelvic fins broadly 
triangular; pelvic anterior margins straight or slightly convex, 0.39 (0.35-0.42) of 
pectoral-fin anterior margins; slightly rounded apically, with posterior margins nearly 
straight; free rear tips angular, inner margins straight or slightly convex.  First dorsal 
fin broadly triangular, moderately raked, anterior margin weakly convex, narrowly 
rounded apically; posterior margin sloping posteroventrally from apex, angular free 
rear tip; moderate inner margin, straight; fin origin above or slightly behind pectoral 
fin insertion; insertion near equidistant from pelvic-fin insertions and anal-fin origin; 
first dorsal-fin base 1.59 (1.44-1.74) in interdorsal space, 2.00 (1.89-2.10) in dorsal 
caudal-fin margin, height 1.20 (1.14-1.24) in base length, inner margin 1.96 (1.73-
2.21) in height, 2.34 (2.11-2.65) in base length.  Second dorsal fin similar to first 
dorsal fin, approximately two-thirds first dorsal-fin area; concave posterior margin; 
height 0.62 (0.58-0.66) of first dorsal-fin height, base length 0.59 (0.51-0.65) of first 
dorsal fin base length; free rear tip in front of upper caudal-fin origin 0.77 (0.60-1.03) 
times the inner margin; origin marginally anterior of anal-fin origin;  second dorsal-
fin base length 0.97 (0.84-1.06) in dorsocaudal space, height 0.88 (0.81-0.97) base 
length, inner margin 1.62 (1.45-1.90) in height and 1.85 (1.68-2.33) in base length.  
Anal fin triangular, falcate, smaller than second dorsal fin; height 0.81 (0.72-0.99) in 
second dorsal-fin height and base 0.89 (0.74-0.98) times second dorsal-fin base;  base 
without preanal ridges; anterior margin straight or slightly convex, strongly raked 
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apex to beginning of lobe of free rear tip; free rear tip pointed; moderate inner margin; 
origin slightly behind second dorsal fin by 0.20 (0.12-0.30) of second dorsal fin base; 
insertion forward of apex; anal-fin base 0.90 (0.80-0.97) in anal-caudal space, height 
1.25 (1.08-1.40) in base length, inner margin 1.49 (1.34-1.69) in height and 1.86 
(1.64-2.16) in base length. Caudal fin asymmetrical, upper lobe narrow; terminal lobe 
moderately enlarged; dorsal margin moderately long, straight or slightly undulating, 
3.03 (2.95-3.11) in precaudal length; preventral margin convex, length 1.82 (1.77-
1.92) in dorsal caudal-fin margin; lower postventral margin nearly straight to slightly 
convex, upper nearly straight; well defined subterminal notch, moderately deep; 
subterminal margin straight to slightly concave, terminal margin strongly concave; 
subterminal margin 1.79 (1.62-1.92) in terminal margin; tip of tail pointed, terminal 
lobe length 3.08 (2.96-3.37) in dorsal caudal-fin margin.  Total vertebral counts (TC) 
147 (142-151), precaudal (PC) counts 79 (78-81), monospondylous precaudal (MP) 
centra 47 (46-47), diplospondylous precaudal (DP) centra 32 (31-34). 
 
Live Coloration 
Dorsal surface of body mottled, light grey, pale ventrally; dorsal/ventral marking not 
sharply defined, located below eye, in line with pectoral fin base and extending almost 
medially along trunk.  Dusky along ventral surface of posterior margin and tips of 
pectoral fins and anal fins.  Dusky along posterior margin of anal fin, and caudal fin.  
 
 
5.4 Discussion 
The results of this study suggest that the tidal creeks of King Sound may be an 
important habitat for the (critically) endangered Glyphis sp. C.  Although its rarity 
may reflect a paucity of ichthyological exploration of the remote Kimberley region of 
Western Australia, it should be noted that the species was not encountered during an 
elasmobranch survey of 160 sites throughout 39 river/creek systems of northern 
Australia, including 12 river/creek systems in the Kimberley (Thorburn et al. 2003).  
This species, as its common name implies, was previously only known from riverine 
habitats, with salinities ranging from 2 to 26 ppt (Larson 2000).  During this study, 
however, it was only encountered in macrotidal marine conditions (20 to 36.6 ppt).  
Additionally, this species was not captured during an extensive study of the fish fauna 
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drains into King Sound, has a catchment of almost 90 000 km
2 and has the highest 
recorded runoff of any river in Western Australia (Anon 1993, Storey 1998).   
Furthermore, studies of Kimberley rivers by Allen (1975), Hutchins (1977, 1981) and 
Allen and Leggett (1990) did not record Glyphis sp. C. 
 
Glyphis sp. C collected in Western Australia have both a wider range in total vertebral 
count (i.e. 140-151 cf. 147-148) and number of diplospondylous caudal centra (i.e. 
64-70 cf. 65-68) than that previously reported by Compagno & Niem (1998).  The 
extension in range of total vertebrae can most likely be attributed to the few 
specimens upon which previous counts were made.  The length range of the animals 
captured, combined with maturity data, suggest that females attain sexual maturity 
when >1350 mm TL, and males attain sexual maturity between 1217 and 1418 mm 
TL.  Although the original specimen collected in 2002 (994 mm TL) was semi-
mature, this individual had a deformed spine and its length may not be representative 
for an animal of similar age.   
 
Morphometric measurements (and proportions as percentages of total length) from 
nine of the specimens collected during this study are consistent with those taken from 
one specimen (later identified as Glyphis sp. C) from the Adelaide River, Northern 
Territory, by Taniuchi et al. (1991).  The loss of type material of Glyphis species and 
lack of available specimens has meant it is difficult to provide an accurate account of 
the features by which Glyphis sp. C differs from others in the genus.  Currently, the 
most widely used diagnostic feature remaining is vertebral counts.  Glyphis sp. C is 
differentiated from Glyphis sp. A and Glyphis sp. B by a lower vertebral count (142-
151 cf. 198-217) and lower number of diplospondylous caudal centra (65-68 cf. 85-
93) (Compagno & Niem 1998).  While confusion remains as to which of the Glyphis 
species (if any) should be synonymised, counts of the total number of vertebrae from 
specimens collected from King Sound (i.e. with a mean of 146 and ranging from 140 
to 151) are close to, but less than, that of the remaining syntype of G. gangeticus, 
which  possesses 160 total centra (Compagno 1999).  The percentage of 
monospondylous precaudal (MP) centra, diplospondylous precaudal (DP) centra and 
diplospondylous caudal (DC) centra are comparable (i.e. 31% MP, 19% DP and 50% 
DC of G. gangeticus cf. 32% MP, 21% DP and 47% DC from those collected from 
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Glyphis sp. C.  However, if the recognition of species within the genus is largely 
based on vertebrae, the 160 in G. gangeticus compared to the <151 in Glyphis sp. C 
may be significant enough to distinguish these species.  Overlap also exists in the 
number of vertebral centra in Glyphis from New Guinea (149 total centra) (Compagno 
and Niem 1998).  
 
The occurrence of spinal deformations in three of the ten specimens collected from 
Western Australia may also provide insight into the size of the Glyphis  sp. C 
population in King Sound.  Heupal et al. (1999) reports that spinal deformities in 
elasmobranchs are rare, with only a few cases of individuals of several species noted.  
The cause of the deformities is often unknown, but may be attributed to parasitic 
infection, arthritis, injury, disease, tumors, malnutrition or genetic abnormality.   
Considering the high occurrence of this deformity, with 30% of those collected from 
King Sound possessing some degree of vertebral fusing, it is possible that the 
malformations are caused by a genetic abnormality, indicative of inbreeding within a 
small gene pool.  Skeletal deformities as a result of inbreeding have been observed in 
hatchery reared fishes (Tave 1986) and other vertebrates including humans (Jones 
1996). 
 
Glyphis  sp. C possesses at least several morphological characters that may be 
reflective of this species’ persistence in the highly turbid macrotidal environment of 
King Sound and indeed the rivers of the Northern Territory and Papua New Guinea.  
These include: a reduced eye (an average of 0.86% of the total length) which is 
approximately half the eye diameter of the bull shark Carcharhinus leucas 
(Carcharhinidae) (Taniuchi et al. 1991), a species known to enter freshwater rivers 
including the Fitzroy River (Thorburn et al. 2003); the occurrence of a large number 
of sensory ampullae covering the head (Figure 5.4), which would compensate for any 
lack in visual capacity that this species may encounter while foraging in turbid waters; 
and the possession of large pectoral fins (and second dorsal fin) would assist in the 
motility and stability of this species in the shallow rapid flowing waters of King 
Sound. 
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Figure 5.4 Sensory ampullae covering the head of Glyphis sp. C.  Anterior (a) lateral, 
(b) dorsal, and (c and d) ventral sensory ampullae of Glyphis sp. C (957 mm TL) 
(WAM P.32599.001).  
 5.4.1 Other records from Western Australia 
Anecdotal accounts provided by local fishers are invaluable when attempting to 
capture specific species from an area as vast and inaccessible as the Kimberley region, 
Western Australia.  In light of the discovery of Glyphis  in the State, educational 
material was produced and circulated to indigenous, professional and recreational 
fishers throughout northern Western Australia.  This has potentially led to the 
collection of the first record of Glyphis  from a river in the eastern Kimberley.   
Kununnarra resident, ex-professional shark fisherman and keen recreational angler 
Paul Embling reported the capture of at least six whalers, which he believed were 
Glyphis, from the lower Ord River and Cambridge Gulf (West Arm) in the vicinity of 
the port town of Wyndham between late 2002 and 2004 (Figure 5.5).  Photographs of 
the individuals, which ranged from ~700 to 1000 mm TL, and several upper and 
lower teeth obtained from a dead specimen indeed appear consistent with members of 
the genus.  Based on unverified characters by Dr Peter Last (CSIRO Marine 
Research) these individuals may be Glyphis sp. C.  These characters include the fact 
the dorsal/ventral colouration passes below the eye (as opposed to sp. A whereby the 
dorsal/ventral colouration borders the bottom of the eye), and that the ventral surface 
of the pectoral fins of the photographed specimens are not distinctly black (a feature 
observed in Glyphis sp. A).  The collected teeth also appeared to be consistent with 
those of Glyphis sp. C, despite being in poor condition. 
 
5.4.2 Conclusions 
The feeder creeks of King Sound, and in particular those of the macrotidal Doctors 
Creek and Fitzroy River mouth, may be an important refuge for Glyphis sp. C.  Of 
greatest immediate benefit would be to ascertain if Glyphis indeed exists in waters of 
the Ord River and Cambridge Gulf.  Molecular data could subsequently be used to 
determine the population structure within each region, and the relationships between 
other populations occurring elsewhere in the Australian-New Guinean region. 
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  a) 
 
b) 
Figure 5.5 (a) Recreational fisherman Paul Embling with Glyphis  (likely sp. C) 
captured from the Ord River and (b) another from the boat ramp at Wyndham, 
Western Australia 
 Chapter 6 
 
The bull shark Carcharhinus leucas (Valenciennes) in rivers of 
northern Australia 
 
 
 
6.1 Introduction 
The occurrence of the bull shark Carcharhinus leucas (Figure 6.1) in Australian rivers 
is well documented, as it is the only carcharhinid known to penetrate well into 
freshwater systems for extended periods of time (Whitley 1943, Chubb et al. 1979, 
Merrick and Schmida 1984, Last and Stevens 1994, Allen et al. 2002).  However, 
records of the occurrence of C. leucas in offshore waters of Australia are rare, a 
disparity that may be attributed to the confusion of this species with other whalers and 
in particular with the very similar pigeye shark (Carcharhinus amboinensis) (Cliff and 
Dudley 1991, Last and Stevens 1994).   
 
Although biological data for Australian populations is scarce, various aspects of the 
life history of C. leucas have been studied elsewhere including Lake Nicaragua 
(Thorson et al. 1966, Thorson and Lacy 1982), the Florida Lagoons (Snelson et al. 
1984), Gulf of Mexico (Branstetter and Stiles 1987) and South Africa (Cliff and 
Dudley 1991, Wintner et al. 2002).  These studies indicate that C. leucas can 
penetrate well into freshwater systems for extended periods and often spends a 
significant part of its juvenile life in upper estuarine and freshwater reaches (Thorson 
1972, Snelson et al. 1984, Cliff and Dudley 1991).  Breeding is thought to occur in 
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Figure 6.1 Carcharhinus leucas (804 mm TL). offshore marine waters, with females entering estuarine and inshore waters to give 
birth (Montoya and Thorson 1982, Bishop et al. 2001).  Length at birth estimates 
range from 55 to 90 cm total length (Thorson and Lacy 1982, Snelson 1984, 
Branstetter and Stiles 1987, Cliff and Dudley 1991, Wintner et al. 2002).   
 
Despite the marine affinities of C. leucas, this species’ utilisation of upper riverine 
reaches has often led to it being included in studies of freshwater elasmobranchs.  
This was the case during two previous ichthyological surveys that aimed to capture 
elasmobranchs in freshwaters of northern Australia (Taniuchi et al. 1991, Ishihara et 
al. 1991a).  As a result of those studies C. leucas was captured in the Adelaide and 
Daly Rivers in the Northern Territory (NT).  Other tropical Australian rivers from 
which C. leucas has been reported include the East Alligator River (NT), the Herbert 
River in Queensland (QLD) and the Fitzroy River in Western Australia (WA).   
‘Whalers’ reported in upstream reaches of the Ord and Pentecost rivers in WA and the 
Victoria River in the NT are also likely to be this species (Chubb et al. 1979, Last and 
Stevens 1994, Bishop et al. 2001).  
 
In light of the paucity of knowledge on elasmobranchs occurring in estuarine and 
freshwaters of northern Australia, ichthyological surveys were conducted in the 
Northern Territory and Kimberley region of Western Australia in 2002 (Thorburn et 
al. 2003), and additionally in the Fitzroy River (WA) throughout 2003 and 2004.  
Some of the aims of this survey which are reported in this Chapter were to: 
•  Determine the distribution and any broad-scale habitat associations of C. 
leucas in the rivers of the Northern Territory and Kimberley region, Western 
Australia. 
•  Describe the biology, age composition and diet of C. leucas occurring within 
these rivers, and compare these to C. leucas occurring elsewhere. 
•  Test the hypothesis that juveniles of the species utilise rivers of northern 
Australia as nursery grounds.  
•  Assess the risk C. leucas poses to people bathing in upstream waters. 
 
  666.2 Materials and Methods 
6.2.1 Study sites, environmental variables and habitat 
One hundred and eighty six inshore, estuarine and freshwater sites were sampled 
between the Robinson River (NT) and the Fitzroy River (WA) between June 2002 and 
July 2004 (Figure 6.2).  The salinity (ppt), temperature (
oC), and an estimate of water 
clarity using a secchi disc (cm) were recorded at each sample site.  The depth (m), 
estimated flow rate and tidal influence were also recorded.  Notes on the immediate 
habitat, including predominant sediment type, density of aquatic vegetation types and 
detritus, riparian vegetation and snag density, were also made.   
 
In order to provide insight into the distribution of C. leucas throughout the rivers, 
sample sites were defined as being either marine, lower estuarine (i.e. tidally affected 
sites within the rivers having generally high salinites and in close proximity to the 
mouth), upper estuarine (i.e. those sites near the upper tidal limit) or freshwater (i.e. 
those sites which are non-tidal and non-saline). 
 
6.2.2 Sample collection 
Sampling was primarily conducted with sinking monofilament gill nets (including 20 
m panels of 5, 7.5, 10, 15 and 20 cm stretched mesh) that were set perpendicular to 
the river bank.  All gill net mesh sizes were utilised during daylight hours, however, 
only the larger meshes were used at night to minimise by-catch.  Baited long-lines and 
handlines were also used.  Long-lines were a maximum of 40 m long and contained 
up to 20 5/0 tuna circle hooks.  Each hook was connected to the 500 lb nylon mainline 
via 0.5 m of 200 lb wire trace.  Locally available fish was used as bait.  Long-lines 
were set during the day and night. 
 
6.2.3 Measurements and field dissection 
Dissections were conducted in the field as soon as practicable after capture to 
minimise tissue breakdown and further digestion of the gut contents.  The total length 
(TL, mm), sex and weight (W, g) were recorded for each specimen captured.  A count 
of total vertebrae was made to differentiate C. leucas from the similar C. amboinensis.  
For comparison with other studies which reported in precaudal length (PCL) only, the 
following conversion was used:  
TL (cm) = (PCL + 9.16) / 0.81 (Branstetter and Stiles 1987) 
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Figure 6.2 The sites at which Carcharhinus leucas was captured in the Northern Territory and in the Kimberley region of Western 
Australia.  Included are records from the Museum and Art Galleries of the Northern Territory (MAGNT) and the Western Australian 
Museum (WAM).  
The stomach and a minimum of six vertebrae from below the first dorsal fin were 
removed from 51 female and 49 male C. leucas.  Stomach fullness and contributions 
were either determined soon after capture or the stomachs were preserved whole in 
100 % ethanol for later examination.  Vertebral samples were stored in 100% ethanol 
or kept on ice until they could be frozen. 
 
6.2.4 Length-weight, length-frequency and age 
A likelihood ratio test (Cerrato 1990) was used to determine if the length-weight 
relationship was significantly different between the sexes.  As no difference appeared 
to exist, the sexes were pooled and the SPSS statistical package used to describe the 
relationship.  A length-frequency histogram was generated to aid in the identification 
of size-specific cohorts.  
 
Whilst the lack of successive annual samples and the geographical breadth from 
which individuals were collected precluded validation that zones are laid down 
annually, these data permit inferences to be made regarding the age structure of the 
species in those rivers.  Samples of vertebrae were defrosted and placed in 5% sodium 
hypochlorite solution until free of tissue.  The centra were then rinsed thoroughly in 
water and allowed to dry for several hours.  A minimum of two centra from each 
sample was embedded in resin and a 0.3 mm longitudinal section cut with an Isomet 
low speed rotary saw.  Sections were then mounted on a slide with DePex mounting 
medium and observed under a dissection microscope with reflected light.  Counts of 
the number of growth rings or annuli commencing after the birth mark (identified by a 
change of angle on the outer edge of the corpus calcereum) on the facia of whole and 
sectioned vertebra were then made for each individual.  The number of annuli was 
compared to TL and the mean size of individuals with respect to the number of annuli 
calculated. 
 
A von Bertalanffy growth curve was fitted to the data on length of C. leucas at their 
estimated age of capture, however, this method required the provision of the 
individuals birth dates.  This estimation was subsequently based on the stage of 
healing of the umbilical scars present on a number of the individuals captured.   
Healing rates were assumed to be comparable to that of Carcharhinus cautus where 
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(Dr William White, Murdoch University, pers. comm).  The birth date of an 
individual possessing an open umbilical scar (Figure 6.3) was estimated to have been 
born at the beginning of the month of capture.  An individual possessing a closed 
umbilical scar was assumed to have been born at the beginning of the month prior to 
the date of capture, and an individual possessing a near faded umbilical scar was 
assumed to have been born two months prior to capture.  Other individuals collected 
from the same river as those possessing umbilical scars, or from other rivers in close 
proximity, were subsequently assigned the same birth months.   
 
Based on the individuals and times captured, those from (and near to) the Roper River 
(NT) were assumed to be born June 1
st, those from the Daly River (NT) on August 1
st, 
those from the Ord River (WA) on November 1
st, and those from the Fitzroy River 
(WA) on February 1
st.  A line of regression was fitted with the use of SigmaPlot 8.0 
and the von Bertalanffy growth parameters generated by the following equation: 
Lt = L∞ (1 – e
-K(t-t0)) 
Where Lt is the length at age t, L∞ is the mean asymptotic length, K is the growth 
coefficient and t0 is the hypothetical age at which the estimated length is zero. 
 
6.2.5 Maturation 
Maturation in male C. leucas was determined on the basis of clasper calcification.  
Individuals were considered immature when claspers were small and uncalcified, 
maturing if claspers were extending and becoming semi-calcified and mature when 
claspers were fully calcified and sperm was present.  Maturity in females was 
assessed on observations of the ovaries and uteri.  Individuals possessing undeveloped 
ovaries and thin, flaccid uteri were considered immature, maturing when the uterus 
began to enlarge and ovaries contained differentiated ova, and mature when the 
ovaries contain yolked ova and an enlarged uterus (Conrath 2004).  
 
6.2.6 Diet 
Upon removal of the stomach, an estimate of fullness on a scale of 0 to 10 (zero 
representing an empty gut and 10 being fully distended) was made.  Some smaller 
prey components required identification under a dissection microscope.  An 
estimation of the percentage contribution of each food item was made for each 
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Figure 6.3 Open umbilical scar on a Carcharhinus leucas of 687 mm TL. 
 
 individual, and the frequency of occurrence (%F) and mean percentage volumetric 
contribution (%V) calculated (Hynes 1950, Hyslop 1980).   
 
The graphical method of Costello (1990) was also used to display the broad functional 
prey categories found to constitute the diet of C. leucas, whereby %F is plotted 
against relative quantity (in this case %V).  This method takes into account the 
percentage occurrence, and subsequently provides insight into population wide food 
habits (Cortes 1997).  The dietary category unidentified was excluded from analysis 
and the values of all other dietary categories of that individual adjusted upward to 100 
% (Pusey et al. 2000).  Several minor prey categories were combined to reflect a 
functional prey group.  
 
6.3 Results 
6.3.1 Capture locations, sex ratio, length ranges and habitat 
A total of 111 C. leucas were captured from 41 of the 186 sample sites (Figure 6.2).  
Fifty seven were female and 54 were male (sex ratio of 1.06 female : 1 male) which 
ranged in length from 691 to 1382 mm TL and 687 to 1365 mm TL, respectively 
(Figure 6.4).  Carcharhinus leucas was only captured within rivers, with a vast 
majority captured in upper estuarine waters (Figure 6.5).  The sites of capture ranged 
in salinity from 0 to 41.1 ppt, however, 67% of individuals were captured in waters of 
0 ppt (87% were from water less than 5 ppt).  Carcharhinus leucas was caught in 
waters ranging in temperature from 20.8 to 32.5 
oC that were between 0.7 and 21 m 
deep and which varied greatly in clarity (5 - 400 cm secchi depth).  The species was 
generally captured in open waters over sandy substrates that supported low 
macrophyte and algal growth. 
 
6.3.2 Length- weight, age and growth, and maturity 
The relationship between TL and W (Figure 6.6) was: 
W = 6165.14 – (21.741TL) + (0.0228TL
2)  
Observations of the annuli present on the vertebrae of 100 individuals appeared to 
indicate five year classes (0+ to 4+) (Figure 6.7).  The average TL of individuals 
possessing zero growth rings was 787 mm, individuals possessing one growth ring 
averaged 859 mm, individuals possessing two growth rings averaged 1010 mm, 
individuals possessing three growth rings averaged 1168 mm and individuals 
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Figure 6.4 Length-frequency histogram for female and male Carcharhinus leucas 
collected during the study. A
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Figure 6.5 The mean number (± s.e.) of Carcharhinus leucas captured from the 
marine, lower estuarine, upper estuarine and freshwater sites sampled during the 
study. The number of sites sampled in each reach are given in parenthesis. 
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Figure 6.6 The relationship between total length (TL) (mm) and weight (g) of 
Carcharhinus leucas captured in northern Australia.  
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Figure 6.7 Number of annuli observed on vertebrae versus the total length (TL) of 
Carcharhinus leucas. The number of individuals possessing 0 to 4 annuli are given in 
parenthesis. possessing four growth rings averaged 1339 mm.  Assuming rings were laid down 
annually the average growth observed was 138 mm yr
-1.   
 
The von Bertalanffy growth equation generated parameter estimates of L∞ = 4662 
mm, K = 0.0347 and t0 = -4.88 years (Figure 6.8).  While the t0 is unrealistic and the 
L∞ is above the known maximum size of ~3400 mm TL (Last and Stevens 1994), 
considering the relatively small data set, these values are in accordance with those 
published for this species elsewhere.  From this equation it is estimated that C. leucas 
attains 863 in its first year, 993 mm TL in its second year, 1118 mm TL in its third 
year and 1239 mm TL in its fourth year.  Assuming a birth size of approximately 700 
mm TL, the average annual growth from years zero to four calculated from the von 
Bertalanffy growth equation is 135 mm yr
-1.   
 
All 49 male C. leucas captured possessed small non-calcified claspers indicating 
immaturity.  Similarly all 51 females dissected were found to be immature by the 
possession of undeveloped ovaries and thin, flaccid uteri. 
 
6.3.3 Diet of C. leucas
Seventy six of the 100 stomachs inspected contained prey.  Teleost fishes were the 
major constituents of the diet of C. leucas (Table 6.1).  Where identification of teleost 
prey to species was possible, the lesser salmon catfish Arius graeffei, bony bream 
Nematalosa erebi and scaly croaker Nibea squamosa were the major components of 
the diet.  The removal of the ‘unidentified’ prey category and consolidation into broad 
(functional) prey categories further reflected the dominance of teleost species in the 
diet of C. leucas (Table 6.2, Figure 6.9). 
 
6.4 Discussion 
6.4.1 Habitat and distribution  
Carcharhinus leucas was frequently captured in freshwaters several hundred 
kilometres from the coast.  The notion that northern Australian rivers act as nurseries 
for juveniles of the species is strongly supported: high abundances were encountered 
upstream, all specimens were small and immature, and few individuals appeared 
greater than three years of age (assuming annuli were laid down annually).  The 
structure of riverine populations in northern Australia appears similar to those 
  71 
 
 
012345
T
o
t
a
l
 
l
e
n
g
t
h
 
(
m
m
)
600
800
1000
1200
1400
1600
  Age (years)
 
L∞ = 4662.49 
t0 = -4.88 
K = 0.0347 
 
Figure 6.8 von Bertalanffy growth curve for Carcharhinus leucas collected during 
the study. Table 6.1 Percentage volumetric contribution (%V) and percentage occurrence (%F) 
of the different food items found in the stomachs of Carcharhinus leucas.  
Prey Item  % V  %F 
Vegetation    
Terrestrial vegetation  1.04  13.16 
Aquatic macrophyte  0.22  3.95 
Macrocrustacea    
Macrobrachium rosenbergii  1.40 7.89 
Insect    
Orthoptera 0.03  1.32 
Coleoptera 0.63  5.26 
Teleost    
Arius argypleurion  1.27 1.32 
Arius dioctes  3.56 2.63 
Arius graeffei  26.71 32.89 
Arius midgleyi  2.41 1.32 
Other Ariid sp.  10.11  17.11 
Harpodon translucens  1.22 1.32 
Hemiramphidae sp. (garfish)  0.20  1.32 
Lates calcarifer  3.21 5.26 
Liza tade  2.08 2.63 
Nematalosa erebi  15.14 19.74 
Nibea squamosa  9.44 7.89 
Polydactylus macrochir  2.86 1.32 
Rhinomugil nasutus  0.95 2.63 
Sclerophages jardinii  1.26 1.32 
Unidentified teleost parts  6.77  21.05 
Elasmobranchii    
Pristis microdon  2.54 1.32 
Mammal    
Pig 1.59  2.63 
Other 0.98  2.63 
Reptile    
Chelonidae 0.54  1.32 
Crocodylus johnstoni  2.96 2.63 
Unidentified  0.89 3.95 
 
 
 
Table 6.2 Percentage volumetric contribution (%V) and percentage occurrence (%F) 
of the broad functional prey categories found in the stomachs of Carcharhinus leucas.  
Prey Item  % V  %F 
Ariid catfish  44.20  54.67 
Other fishes  31.07  45.33 
Nematalosa erebi  15.30 20.00 
Crocodylus johnstoni  2.97 2.67 
Terrestrial mammal  2.58  5.33 
Macrobrachium rosenbergii  1.40 8.00 
Plant matter  1.28  17.33 
Insect 0.66  6.67 
Chelonidae 0.54  1.33  
 
 
0 1 02 03 04 05 06 0
A
b
u
n
d
a
n
c
e
 
(
%
V
)
0
10
20
30
40
50
Ariid catfish
Other teleost
Nematalosa erebi
Plant matter 1
2 3
4 5
1. Chelonidae
2. Crocodylus johnstoni
3. Terrestrial mammal
4. Insect
5. Macrobrachium rosenbergii
Occurrence (%F)
 
 
Figure 6.9 The important broad functional prey categories of Carcharhinus leucas as 
illustrated by the Costello (1990) method. observed elsewhere including North America where C. leucas resides in inland waters 
of the Florida Lagoons for a similar period of time (Snelson et al. 1984).   
 
The use of upstream waters by juvenile C. leucas is likely attributed to the high 
abundance of food resources available and lack of predators including large sharks 
and estuarine crocodiles Crocodylus porosus (Morgan et al. 2004a).  The upstream 
penetration was demonstrated at several localities where high abundances were 
encountered immediately below a barrier such as an exposed rock bar, road crossing 
or barrage (Figure 6.10).  In a number of cases, these barriers also represent the upper 
limit of tidal influence and may partially explain the high abundance of this species in 
those reaches.       
 
6.4.2 Size and age structure of C. leucas in northern Australian rivers 
Studies by Wintner et al. (2002) and Cliff and Dudley (1991) suggested that C. leucas 
in South Africa are born slightly larger than those in other localities (approximately 
800 to 900 mm TL).  During the current study open umbilical scars were observed on 
individuals between 687 and 749 mm TL.  The size at birth of Australian C. leucas is 
therefore comparable to those from the coastal lagoons of Florida, Nicaragua and the 
Gulf of Mexico, all of which report sizes of between 600 and 750 mm TL (Snelson et 
al. 1984, Thorson and Lacy 1966, Branstetter and Stiles 1987), but smaller than the 
reported size at birth in South Africa.   
 
Umbilical scars were observed in individuals captured from the Roper River (NT) in 
June, Daly River (NT) in August, Ord River in November (WA) and from the Fitzroy 
River (WA) in February.  Bishop et al. (2001) suggests that C. leucas in Australia are 
born during summer which coincides with the early portion of the tropical wet season.  
This apparent westward progression of birthing across northern Australia may 
therefore be a response to the westward onset of the wet season (considered to be 
between October and April in the NT and between January and March in WA) 
(Bureau of Meteorology, Commonwealth of Australia 2004).  High river discharges 
associated with the wet season subsequently provide the opportunity for juvenile C. 
leucas to penetrate far upstream before the contraction of water levels during the 
tropical dry season.  
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Figure 6.10 Camballin Barrage on the Fitzroy River, Western Australia, during the 
‘dry season’ in November.  The Barrage can restrict the upstream migration of fishes 
for up to 10 months of the year. 
 
 
 
a  b 
 
c  d 
 
Figure 6.11 Various prey of C. leucas, including (a) freshwater sawfish P. microdon, 
(b) other C. leucas, (c) freshwater crocodile C. johnstoni and (d) feral pig.  
 
 Various studies have indicated that the annual growth rate of C. leucas is greatest in 
the first few years of life (Caillouet 1969, Thorson and Lacy 1982, Branstetter and 
Stiles 1987, Wintner et al. 2002).  Length at age estimates generated during this study 
of 863 mm TL at one year of age and 1239 mm TL at four years of age are consistent 
with those observed from the Gulf of Mexico (Branstetter and Stiles 1987).  However, 
length at age estimates of northern Australian specimens appear lower than those from 
South Africa where a one year old C. leucas was estimated to be 1040 mm TL and a 
four year old estimated to be 1406 mm TL (Wintner et al. 2002).  The current study 
also estimated that annual growth in the first four years may be approximately 135 
mm yr
-1.  This annual growth estimate is marginally greater than that observed in 
South Africa (an average of 110 mm yr
-1 in the first three years) (Wintner et al. 2002), 
however, it is less than the growth rate observed in Nicaragua (an average of 160 – 
180 mm yr
-1 in the first two years) (Thorson and Lacy 1982) and the Gulf of Mexico 
(an average of 150 – 200 mm yr
-1 for the first 5 years) (Branstetter and Stiles 1987).  
 
Occurrences of sharks greater than two metres in length were reported from near 
Fitzroy Crossing on the Fitzroy River (WA) over 300 km upstream (Joe Duncan, pers. 
comm.).  Furthermore, the author observed a C. leucas of approximately two metre 
TL swimming immediately below Camballin Barrage approximately 150 km from the 
mouth of the Fitzroy River.  Based on the von Bertalanffy growth equation and length 
weight relationship for younger C. leucas generated during this study these specimens 
would be 11 years old and weigh 54 kilograms.  Size of maturity data collected from 
elsewhere has indicated that C. leucas attains sexual maturity at between 1600 and 
2200 mm TL in males and between 1800 and 2250 mm TL in females (Thorson et al. 
1966, Bass 1977, Branstetter and Stiles 1987, Cliff and Dudley 1991).  Based on these 
observations, and the length at maturity estimates, the presence of mature C. leucas in 
northern Australian rivers can not be dismissed.  
 
6.4.3 Feeding behaviour and predation 
Inspection of the stomach contents of C. leucas indicated the consumption of a wide 
variety of prey types and an opportunistic, often aggressive, feeding pattern.  While a 
vast majority of the diet consisted of bony fishes (in particular ariid catfishes) other 
prey including mammal flesh (pig), other elasmobranchs (Pristis microdon) and 
portions of freshwater crocodiles (Crocodylus johnstoni) were also observed (Figure 
  736.11).  The author was also witness to cannibalism by the species whereby C. leucas 
captured in gill nets were attacked by others.  Several C. leucas were also observed by 
the author leaping approximately 2.5 metres clear of the water to take birds perched 
on overhanging branches in the Fitzroy River (WA).   
 
Teleost fishes appear to be major constituents of the diet of C. leucas throughout the 
world, with ariid catfishes also identified as a major dietary component of individuals 
collected from rivers in Florida (Cliff and Dudley 1991, Snelson et al. 1984).  
However, unlike the current study, an equal dependence of elasmobranch prey, in 
particular  Dasyatis  sp. and members of the Rhinobatidae, were recorded from 
specimens from Florida and South Africa (Cliff and Dudley 1991, Snelson et al. 
1984). 
 
Nyikina Elder, Lucy Marshall (Derby, Western Australia), described her cultures fear 
of the sharks and provided several descriptions of aggressive feeding incidences.   
These included an attack on a feral pig that had entered the waters edge to drink.  As 
Lucy explained, several small C. leucas attacked the legs of the pig, pulled it into 
deeper water to drown and quickly consumed it.  Lucy also provided a vivid account 
of an attack by C. leucas on a large freshwater crocodile.  A single C. leucas rapidly 
disabled the crocodile by biting off one of its front legs.  Numerous other C. leucas 
appeared and proceeded to bite the remaining limbs before attacking the body. 
 
6.4.4 Risk of attack 
Carcharhinus leucas is considered one of the four most dangerous sharks in the 
world, perhaps more so than the tiger Galeocerdo cuvier or white shark Carcharodon 
carcharias (Last and Stevens 1994, Ebert 2003), and undoubtedly presents some risk 
to people bathing in northern Australian rivers.  This may be attributed to the facts 
that C. leucas can occur in high abundance and will attack large prey, its diet is broad 
and often obtained in an opportunistic manner, C. leucas is aggressive and larger 
individuals (~ 2 m) can occur far upstream.  Warning signs indicating the presence of 
the estuarine crocodile (Crocodylus porosus) exist at numerous localities on rivers in 
northern Australia.  However, the education of people as to the presence of C. leucas 
in these same systems is non-existent.  Carcharhinus leucas also penetrates much 
further upstream than C. porosus and was frequently captured in water less than one 
  74metre deep.  Thus, the common assumption that bathers are safe in shallow waters is 
erroneous.  Management authorities therefore have a responsibility to indicate the 
presence of C. leucas in northern Australian Rivers and that some potential of attack 
exists. 
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The seasonal diets of freshwater fishes of a Kimberley river, Western 
Australia 
 
 
 
7.1 Introduction 
Seasonality has long been recognised as a major factor affecting the diets and trophic 
relationships of riverine fishes via its effects on habitat availability, migration, 
assemblage structure and prey availability, particularly in highly seasonal systems 
such as tropical rivers (Angermeier and Karr 1983, Ross et al. 1985, Sumpton and 
Greenwood 1990, Pusey and Bradshaw 1996, Winemiller and Jepson 1998).  Indeed, 
the frequency and magnitude of flood events are significant in determining biological 
compositions (Bunn and Arthington 2002) and as surmised by Puckridge et al. (1998) 
‘underpins river ecosystem function’.   
 
Dietary separation (food resource partitioning) within a fish community is indicative 
of the interactive segregation of fish species (Nilsson 1978, Connell 1980, Ross 1986, 
Gerking 1994, Pusey et al. 1995).  The mechanisms behind dietary segregation may 
rarely, if ever, be attributed to a single factor alone, and can include predator-prey 
interactions, habitat associations, resource availability and mouth and body 
  76morphology.  Despite this complexity, authors continue to attempt to ascertain a 
single factor driving the dietary segregation within a fish community.  Furthermore, 
due to the complexities involved, the variability that can occur in a river ecosystem 
between seasons is often not considered.   
 
Despite morphology being considered a major determinant of prey selection 
(Wainwright and Richard 1995), differences in the diet of similar sized individuals of 
different species occurring within a habitat are more often attributed to foraging 
behaviours (Hyndes et al. 1997, Labropoulou and Markakis 1998).  Alternatively, 
ontogenic diet shifts within a species, which aim to maximise energy intake, are 
largely attributed to morphology, with increases in size, improved swimming ability, 
increased digestive capacity and the reduced risk of predation from larger individuals 
enabling them to consume larger prey over a greater proportion of the habitat 
(Grossman 1980, Brown 1985, Gill and Morgan 1998, 2003, Pusey et al. 2000, 
Karpouzi and Stergiou 2003).  A change in mouth morphology (increasing width and 
gape size) has also been shown to be closely correlated to the dietary shifts, and such 
a change is intrinsic in permitting an individual to physically capture, process and thus 
consume a particular type of prey (Norton 1991, Lukoschek and McCormick 2001, 
Magnhagen and Heibo 2001, Lima-Junior and Goitein 2003, Pouillly et al. 2003).   
 
Although literature describing the general diets of tropical Australian freshwater fish 
exists (for example, Lake 1971, Merrick and Schmida 1984, Bishop et al. 2001, Allen 
et al. 2003), there are few quantitative dietary studies of the fish communities of the 
region.  Furthermore, most of these studies were conducted on rivers in the north east 
of the continent and in only one season (Hortle and Parsons 1990, Arthington 1992, 
Pusey et al. 1995, 2000).  Only one dietary study has been conducted on fishes in the 
Kimberley region, Western Australia.  Morgan et al. 2004b studied the fish 
community of Lake Kununarra, Ord River.  However, Lake Kununarra is far from 
pristine with flow rates regulated at both ends by dam walls to supply water for 
intensive irrigation of crops in the immediate area.  Although the fish fauna of Lake 
Kununarra is considered very diverse by Western Australian standards, several 
species known to occur in the lower Ord River no longer inhabit the lake (including 
several Mugilidae and barramundi Lates calcarifer).  The regulation of Lake 
Kununarra has resulted in it resembling an artificial tropical wetland, and altered the 
  77habitat characteristics of the river from the natural lotic system to a lentic system.  
This phenomenon is reflected by the fish community present (Doupé et al. 2003, Gill 
et al. 2005).   
 
Like many tropical Australian rivers, the Fitzroy River in Western Australia is subject 
to high variability in seasonal discharge.  One of the largest unregulated rivers in 
northern Australia, the Fitzroy drains almost 90 000 km
2 (Anon 1993, Storey 1998) 
and receives ~90% of its annual rainfall between November and March during the wet 
season (Ruprecht and Rogers 1998).  Mean river discharge ranges from as little as ~3 
GL in dry season months (June to November) to 6265 GL in the wet season (March), 
during which time the surrounding floodplains often become inundated (Department 
of the Environment, Government of Western Australia 2004).   
 
A recent survey of the Fitzroy River (Morgan et al. 2004b) found it to have one of the 
richest ichthyofaunas in the Kimberley region, with 37 fish species (23 freshwater and 
14 marine) recorded from non-tidal freshwaters.  The river is also known to contain a 
comparatively high number of rare freshwater sawfish Pristis microdon and dwarf 
sawfish  P. clavata (Thorburn  et al. 2003).  The freshwater whipray Himantura 
chaophraya and bull shark Carcharhinus leucas are also well represented in this 
system.  
 
The extreme isolation, limited access and large wet season are undoubtedly the 
reasons that so few ichthyological surveys and dietary studies of Kimberley fishes 
have been conducted.  The present study aimed to describe and compare the seasonal 
diets and feeding relationships of the most abundant teleost and elasmobranch species 
found in freshwaters of the Fitzroy River in order to test the following hypotheses:   
•  That feeding guilds will exist, including detritivore/algivores, aquatic 
insectivores, terrestrial insectivores and piscivores.  
•  That the diet of juvenile fishes will consist of fewer prey types than larger 
individuals of the same species, as a large mouth and increased swimming 
ability will permit an increase in the diversity of food types ingested.   
However, in species that become increasingly specialised in their diet as they 
develop the opposite is likely to be true. 
  78•  That there will be more dietary overlap between species in the wet season 
when prey availability is high, and that it will become reduced in the early dry 
season as resources begin to contract and the diets of each species becomes 
more specialised, and will increase again in the late dry season when resources 
become very limited. 
 
 
7.2 Methods 
7.2.1 Seasonality and sample sites  
Fish were collected in June 2003, October and November 2003, and March and April 
2004 to coincide with the early dry, late dry and wet seasons, respectively.  In light of 
the high flow rates occurring in the Fitzroy River during the monsoonal wet season 
(which preclude access to a vast majority of the system) and the presence of the 
estuarine crocodile Crocodylus porosus, sampling for freshwater fish was primarily 
conducted ~300 km from the mouth in the main channel and feeder creeks of Geikie 
Gorge.  Access at this locality is possible year round and the numbers of C. porosus 
are minimal. 
 
Geikie Gorge is a large permanent pool with extensive sandy shallows and 
backwaters.  Flanked by Devonian reef cliffs, the channel is generally wide (over 50 
m) and dominated by sandy substrates.  Algae, macrophyte and woody debris density 
is generally low (but seasonally variable).  With the exception of peak wet season 
flows, flow rates are low and become non-existent during the late dry season when a 
large sandbar separates the Gorge from the rest of the river.  Some additional samples 
were collected from freshwater pools below Camballin Barrage (approximately 150 
km from the mouth) when this site was accessible during the dry season.  Similar to 
Geikie Gorge, pools below the Barrage are wide with depths of up to six metres, with 
sandy substrates.  Flow rates during the dry season were negligible, and detritus, 
aquatic vegetation and large woody debris appeared in similar densities to Geikie 
Gorge. 
 
  797.2.2 Sampling for fishes 
Sampling of fishes (Figure 7.1) was conducted using a combination of gill, seine and 
throw nets and baited lines.  Gill nets comprised 20 m (2 m drop) monofilament 
panels of 5, 7.5, 10, 15 and 20 cm stretched mesh, respectively.  Gill nets required 
regular checking due to the high incidence of freshwater crocodiles (Crocodylus 
johnstoni) becoming entangled and to minimise by-catch mortality.  Seine nets were 
generally used in backwaters or off sandy banks in depths of less than two metres.  In 
each season, efforts were made to collect at least 30 individuals (containing food in 
their stomachs) of each species which were representative of the size distribution.  
Dietary samples of P. microdon were obtained from individuals found dead on the 
banks and from those donated by indigenous fishers.  Diet samples of C. leucas were 
collected from those captured by gill net. 
 
To stop further digestion of the stomach contents, individuals <150 mm total length 
(TL) were preserved whole in 100% ethanol.  Stomachs from individuals greater than 
one metre (including C. leucas, P. microdon and L. calcarifer) were removed while in 
the field and immediately preserved in 100% ethanol.  Fish greater than 150 mm but 
less than 1 m TL were immediately placed on ice until they could be frozen.  Their 
stomachs were later removed and fixed in 100% ethanol.   
 
7.2.3 Mouth morphology 
Along with the total length (TL) (mm), a vertical (Mv) and horizontal (Mh) 
measurement (to the nearest 0.1 mm) of the mouth when fully open (though not over 
extended) was recorded for each teleost.  The area (Ma) (mm
2) of the mouth opening 
was subsequently based on an ellipse (Erzini et al. 1997, Karpouzi and Stergiou 2003) 
and estimated using Ma = 0.25π.(Mv.Mh).  A plot of the Ma and TL of all the 
individuals captured was then made for each teleost species and the SPSS statistical 
package used to identify the line of best fit.  As this chapter aimed to investigate both 
ontogenic and temporal changes in diet, these plots were examined by eye in order to 
define categories (based upon both total length and mouth area) within each teleost 
species which were represented in all seasons, and thereby would allow valid 
comparisons of both ontogenic changes and dietary variations between seasons in 
similar sized fish (Figure 7.2).   
 
  80a
V
d
c
b
k
f
e
m
l
g
i
h
j
n
H
Figure 7.1 Freshwater fish species of the Fitzroy River, Western 
Australia.  a. Carcharhinus leucas.  b. Pristis microdon. c. Nematalosa 
erebi.  d. Arius graeffei.e .   Melanotaenia australis.  f. Craterocephalus
lentiginosus.g .   Ambassis sp.1. h. Lates calcarifer.  i. Amniataba 
percoides.  j. Hephaestus jenkinsi.  k. Leiopotherapon unicolor.  l. 
Glossamia aprion. m. Toxotes kimberleyensis.  n. Glossogobius giurus. 
(Photographs courtesy of D. Morgan) Arius graeffei
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Figure 7.2 Season captured, total length (mm), mouth area (mm
2) and relative size 
categories (vertical dashed lines) used to investigate ontogenic dietary differences of fish 
collected from freshwaters of the Fitzroy River.  
, mouth area (mm
   
2) and relative size 
categories (vertical dashed lines) used to investigate ontogenic dietary differences of fish 
collected from freshwaters of the Fitzroy River.  Hephastus jenkinsi
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Figure 7.2 cont. Season captured, total length (mm), mouth area (mm
2) and relative size 
categories (vertical dashed lines) used to investigate ontogenic dietary differences of fish 
collected from freshwaters of the Fitzroy River.  7.2.4 Dietary data  
Stomach fullness was estimated on a scale of zero to 10 (zero representing an empty 
stomach and 10 a fully distended stomach).  The stomach content was removed, 
examined under a dissecting microscope and each food item identified to the lowest 
possible taxon.  The percentage contribution of each item to the total stomach content 
was estimated and allocated to one of the 50 broader prey categories based on their 
similar size, position occupied in the water column and mobility (subsequently 
referred to as dietary categories) (Gill and Morgan 1998, 2003).   
 
Diets were analysed using the frequency of occurrence (%F) method, which 
represents the frequency of which a particular prey is consumed by a species, and the 
points method which gives the relative contribution of each prey type to the volume of 
stomach content of the fish (Hynes 1950, Ball 1961).  The mean volumetric 
contribution (%V) of each of the re-assigned dietary categories to the stomach 
contents of each of the 12 teleost  species was subsequently calculated for fishes 
collected in the wet season, early dry season and late dry season, respectively (see 
Tables 7.1 to 7.7).  Size categories containing less than three individuals were 
removed from the analysis. 
 
7.2.5 Dietary differences between size categories and different seasons within a 
species 
To compare the dietary differences between size classes within each specie, the 
volumetric data of each individual was used.  However, the dietary categories ‘other’ 
and ‘unidentified’ were excluded from these analyses, as their inclusion has the 
potential to bias multivariate analysis (Pusey et al. 2000).  All other values were 
subsequently adjusted upwards to sum 100%.  This adjustment is based on the 
assumption that the removed ‘unidentified’ and ‘other’ fractions consist of the same 
proportions as the identified food items present in the stomach (Pusey et al. 2000). 
 
The adjusted dietary data for individuals within each size category of each species 
within a season was then used to construct a similarity matrix using the Bray-Curtis 
similarity coefficient with PRIMER 5.1.2 (Clarke and Gorley 2001).  A one-way 
analysis of similarity (ANOSIM) was subsequently used to determine if dietary 
differences between size categories were significant, and the R-stat values produced 
  81used to indicate the magnitude of these differences.  ANOSIM is a non-parametric test 
that utilises a permutation procedure that is applied to a ranked similarity matrix based 
on a Bray-Curtis similarity matrix.  In this procedure, the average rank similarities 
within a priori groups are compared with the average rank similarity of all other 
replicates between these groups.  An R-statistic of 0 indicates that the Bray-Curtis 
similarities between and within groups are the same (i.e. there are no differences 
between groups) whereas an R-statistic of 1 indicates that all replicates within groups 
are more similar to each other than to any other replicate from a different group.  To 
test the significance of the R-statistic, the group labels in the ranked matrix are 
arbitrarily reassigned for a maximum of 1000 possible permutations and the R-
statistic recalculated for each of these permutations.  Thus, a distribution of up to 
1000 randomly generated R-statistics is produced.  If the original R-statistic is 
unlikely to have come from this distribution by chance, the null hypothesis (i.e. there 
are no differences between groups) can be rejected (Clarke and Warwick, 1994). 
 
The significance value of each pairwise comparison was used to indicate dissimilarity 
between size groups (percentages below 5% considered significant).  Due to the large 
number of dietary categories identified, and the fact that many of these represent the 
same ‘functional’ category as others in the table, the magnitude of the R-statistic was 
also considered when assigning significance.  For example, although a significance 
level of ≤5% suggests that two size classes were significantly different, a low R-
statistic close to 0 indicates the difference is inherently small and therefore unlikely to 
be of any biological significance.  Examination of R-statistics revealed that in no 
cases did values of 0.3 or less have p-values approaching anywhere near 0.05, and 
thus an R-statistics of less than 0.3 was subsequently assumed to be non significant.  
Size categories were combined if there was no significant difference.   
 
As only low numbers of C. leucas and P. microdon were collected, diet data for all 
individuals were combined for each season. 
 
7.2.6 Seasonal comparison between species within a season 
Dietary data for individuals of each species within each reassigned size category were 
then compared using a similar approach, i.e. using the data from individual stomachs, 
to test the hypothesis that dietary overlap will be higher in the wet and late dry 
  82seasons than in the early dry season.  ANOSIM of the diets of fishes collected in the 
wet season, early dry season and late dry season were used to compare the proportion 
of dietary overlap.  That is, in light of the abundance of prey and prey types, more 
dietary overlap should be observed during the wet season (than in the early dry 
season), and thus a greater percentage of pairwise comparisons shown to be not 
significantly different.  As no C. leucas or P. microdon were collected in the wet 
season, these species were not included when calculating the percentage of non-
significant results in the early dry season and late dry season.  To summarise the diet 
of each recognisable group their mean diet was determined.  For ease of interpretation 
these data, rather than individual data, were used to provide a graphical representation 
of resource partitioning within this community. 
 
Abbreviations used 
The following abbreviations are used in the figures and tables throughout this chapter: 
Cle - Carcharhinus leucas; Pm - Pristis microdon; Ne - Nematalosa erebi; Ag - Arius 
graeffei;  Ma  -  Melanotaenia australis; Cl  -  Cratocephalus lentiginosus; Am - 
Ambassis sp. 1; Lc - Lates calcarifer; Ap - Amniataba percoides; Hj - Hephastus 
jenkinsi;  Lu-    Leiopotherapon unicolor; Ga  -  Glossamia aprion; Tk  -  Toxotes 
kimberleyensis; and Gg - Glossogobius giurus. 
 
 
7.3 Results 
The main food types consumed by fish species in the wet season, early dry season and 
late dry season are reflected by the percentage occurrence (%F) and percentage 
contribution (%V) given in Tables 7.1 to 7.7.     
 
7.3.1 Ontogenic dietary differences   
Approximately half of the freshwater fish species collected from the Fitzroy River 
during this study demonstrated some degree of ontogenic changes in their diet.  The 
most marked changes in diet with growth were seen in N. erebi,  A. graeffei,  A. 
percoides, and T. kimberleyensis. 
 
In general, juvenile N. erebi (<100 mm TL) consumed large quantities of aquatic 
invertebrates (cladocerans and copepods) while the diet of those >100 mm TL 
  83Table 7.1 Average wet season diet (adjusted %V) of each fish species captured in freshwaters of the Fitzroy River. 
Species and size category  Ne<100                Ne>100 Ag<150 Ag  >150 Ma Cl Am Lc Ap >40  Hj  Lu  Ga  Tk<50  Tk>50  Gg<70  Gg>70 
n used in analysis  11  22  7  29  28               
                         
29 25 34 36  30 30 23 14  14 26  8 
Dietary component 
Sand  0.45                        
o m                            
               
                      
                            
                    
                           
                             
                           
                          
                           
                               
                           
                             
                        
                              
                             
                               
                           
                          
               
                  
                
                
                 
                 
                 
                    
                 
                           
                          
                  
                           
                      
                   
             
                           
                             
                           
                           
D i a t
Filamentous algae 
 
1.64  9.23  34.42  3.52  53.44
 
  30.98  23.44
 
7.50
Fig/fruit 0.36 18.90 2.94 29.29
Aquatic  macrophyte 3.33
Terrestrial vegetation 
 
  3.41  4.96  11.56 4.12 20.52 0.55
Biofilm/silt 97.73 86.05 3.11
Gastropoda 2.30 0.34 0.29 0.56 0.08
Bivalvia 0.09 0.13 0.08
Nematoda 0.09
Annelida 0.17 0.38
Terrestrial  Arachnida 0.34 4.29 10.61
Aquatic  Arachnida
Ostracoda 0.18 3.30 0.89  1.00 14.38 1.71 0.17
 
47.97
Cladocera 0.09   13.13
 
6.87    0.35
Copepoda 1.21 0.14 0.33 0.77 1.25
Isopoda 1.00
Amphipoda 4.00 0.14 0.87
Shrimp  (<15mm) 0.14
Macrobrachium rosenbergii  9.36 40.29
   Diptera larvae      7.97    5.09  10.28  23.03 6.25 6.06 0.87 7.92 3.88
Diptera pupae          4.61  30.86  28.63 0.14 2.12 0.87 18.42 20.95
Aquatic Hemiptera    0.68  12.14    13.27  27.09  15.47 8.51 20.83  70.40
 
27.41 18.06 13.54 43.75
Trichoptera larvae      1.43    0.18  0.92 0.64 3.83 0.77
Odonata larvae          1.79    1.20 1.60 2.24 3.57
 
2.69
  Ephemeroptera larvae          3.99  3.10 9.33 1.67 0.20 1.74
Coleoptera larvae      5.49        0.60
 
10.28 1.00 1.30 13.93 7.50
Aquatic Coleoptera adult      14.64  0.25  21.65 7.92 15.54 5.37
 
13.77 4.37 1.92 12.50
Diptera adult        0.17  3.04  1.50 0.75 1.90
Ephemeroptera  adult 0.28
Lepidoptera  adult 0.34 6.88
Orthoptera adult      8.57  29.83      5.88 11.71 9.00 10.56 16.25 11.25
Odonata  adult 0.34
Terrestrial Coleoptera adult        18.77 3.21 0.67 2.17 15.46
Hymenoptera (flying) adult          3.57                4.40  7.22     
Hymenoptera (non-flying) adult        0.28 34.42 2.22  1.09  2.84
 
11.31
  Teleost         2.07    3.45    46.47 6.11 3.33 10.33 12.20
 
23.38
Teleost  Scales 4.76 3.46 3.38
Teleost  Egg 2.76  3.60
Mammal
Reptile
 Table 7.2 Percentage occurrence (%F) of food items found in the stomachs of fish captured in freshwaters of the Fitzroy River in the wet season.  
Species and size category  Ne<100                                Ne>100 Ag<150 Ag>150 Ma Cl Am Lc Ap>40 Hj Lu Ga Tk<50 Tk>50 Gg<70 Gg>70
Length range (mm)  min    57 151  110  216  26             
                                 
                               
                          
                        
23 11 487 51  120 33 44 19  59  23  74 
max 87 332 130 391 55 38 53 951 83 362 107 180 49 91 67 155
n  11 22 7 29 30 30 30 36 36 33 30 23 14 14 26 8
Dietary component 
  Sand 9.09
D i a t o m                           
                         
                
                       
                             
                     
                       
                       
                         
                          
                        
                         
                         
                             
                   
                       
                           
                     
                       
                            
                          
                  
                                 
                      
                           
                
                        
               
                         
                         
                             
                   
                             
                       
                          
                  
         
                        
                           
                       
                         
              
                   
                        
l                          
                          
Filamentous  algae
 
36.36
 
68.18 71.43
 
27.59 66.67
 
  60.61  36.67
   
12.50
  Fig/fruit 13.64
 
34.48
 
2.78
 
39.39
Aquatic  macrophyte 3.03
Terrestrial  vegetation
 
31.82 28.57
 
37.93
 
5.56
 
33.33
 
7.14
Biofilm/silt 100.00
 
100.00
 
4.35
  Gastropoda 28.57
 
6.90 2.78
 
2.78
 
  3.03
Bivalvia 4.55 6.90 3.03
  Nematoda 4.55
Annelida 3.45 12.50
  Terrestrial  Arachnid 3.45 6.67
 
28.57
Aquatic  Arachnid
  Ostracoda 9.09 14.29 6.67 43.33 3.33 16.67 3.33
 
80.77
Cladocera 4.55
 
20.00 16.67
   
2.78 3.03
    Copepoda 3.33
 
2.78
 
3.33 3.85
 
  12.50
  Isopoda 3.33
  Amphipoda 3.33
   
2.78
 
4.35
  Other  microcrustacea
 
3.33
 
3.03
  Shrimp  (<15mm) 3.45
Macrobrachium rosenbergii
 
17.24 47.22
  Diptera  larvae 42.86
 
13.33 13.33 30.00 38.89 3.03
   
20.00 4.35 42.86 15.38
Diptera  pupae 10.00  40.00  33.33 2.78 10.00  8.70  35.71 50.00
Aquatic  Hemiptera
 
4.55 14.29 30.00 40.00
 
23.33
 
27.78 46.67 86.96
 
71.43 71.43 26.92 62.50
Trichoptera  larvae
 
28.57 3.33 11.11 6.67 21.43 3.85
Odonatan  larvae 3.33 3.33 5.56 3.03
   
10.00 7.14
 
3.85
  Ephemeroptera  larvae
 
6.67  3.33
 
  10.00 11.11 3.33  4.35
Coleoptera  larvae 14.29 3.33 13.89 6.67 4.35 28.57 11.54
Aquatic Coleoptera adult 
 
    28.57 
 
3.45  33.33 
 
      8.33 
 
  20.00  13.04 
   
21.43  28.57  3.85 
 
12.50 
  Diptera  adult 3.45 6.67
 
6.67
 
7.14
 
7.14
Ephemeroptera  adult 2.78
  Lepidoptera  adult 3.45 21.43
Orthoptera  adult 14.29
 
86.21 5.56
 
27.27
 
  10.00
 
14.29
 
50.00 12.50
  Odonata  adult 3.45
Terrestrial  Coleoptera  adult 51.72
 
13.33 3.03
 
4.35
 
50.00
Hymenoptera  (flying)  adult 6.67 7.14 21.43
Hymenoptera  (non-flying)
 
6.90  46.67
   
3.33
   
  4.35 14.29
 
50.00
Other  terrestrial  insect 6.90 3.03 4.35 14.29
Unidentified insect part      57.14 
 
20.69 
 
46.67 
 
26.67 
 
33.33 
 
  22.22 
 
15.15 
 
20.00 
 
8.70 
 
35.71 
 
71.43  15.38 
 
 
Arius graeffei  5.56
  Glossamia aprion 
Nematalosa erebi  33.33
 
3.03
  Amniataba percoides  12.50
Craterocephalus lentiginosus  2.78 12.50
  Other/unidentified teleost 
 
      6.90  3.33
 
5.56
 
5.56
 
  3.03
 
  10.00  17.39
    Teleost  scales
 
14.29
 
27.59
 
6.67
  Teleost egg
m a
3.33
 
6.67
  M a m
Reptile
 Table 7.3 Average early dry season diet (adjusted %V) of each fish species captured in freshwaters of the Fitzroy River. 
Species and size category  Cle                                Pm Ne<100 Ne  >100 Ag<150 Ag>150 Ma Cl Am Lc Ap<40  Ap>70 Hj Lu Ga Tk  >50 Gg
n used for analysis  14  6  19  36  18  30  31  31  24  30  26  4  25  28  28  19  29 
Dietary component                              
Sand                          
                    
                      
           
                         
                   
                
                      
                       
                              
                           
                     
                           
                         
             
                 
                           
                        
                           
                            
               
            
                  
     
                   
                  
              
                    
                   
                        
                       
                             
                       
                     
                        
                         
             
                        
                       
                          
e                           
3.62
 
  2.52 4.21
 
4.29
 
  0.17
 
1.96
 
  1.23
  Diatom 0.64
Filamentous  algae
 
13.89
 
  24.18
 
 6.02 5.11  23.23
 
 0.86
   
 4.17
 
0.58
 
45.39
 
70.88 18.63 2.42
    Fig/fruit 1.11
 
0.39 1.02
 
5.24
 
  2.86
  Aquatic  macrophyte 0.36 0.95
Terrestrial vegetation 
 
0.79 
 
2.69  12.15
 
  4.45 2.76
 
5.56
 
    2.09 2.20
   
0.35
  Biofilm/silt 2.59
 
67.56
 
0.21
    Gastropoda 5.68 0.42
 
24.51
  Bivalvia 0.03
 
3.41
  Nematoda 0.33
 
4.79
  Annelida 0.34
 
2.83
 
0.44
 
  2.50
  Terrestrial  Arachnida 1.52
Aquatic  Arachnida
 
0.65
  Ostracoda 1.29  0.42
   
1.07
   
  0.54
  Cladocera   47.31  0.27
 
  14.92
 
  4.43
 
21.88
   
  0.22
 
2.07
  Copepoda 40.43
 
1.65
Isopoda 1.54
 
4.14
  Amphipoda
Shrimp  (<15mm)
Macrobrachium rosenbergii  0.71 10.24 3.98 0.85 20.83
 
9.60 3.57 0.53
Diptera larvae          4.83 
 
2.76 
 
1.16 
 
75.00
 
 9.58 14.32 1.58 0.22
   
6.82
 
6.93 8.28
    Diptera  pupae 31.88 0.77  1.56 0.18  0.26
Aquatic Hemiptera      0.11    28.09  6.36  8.18  10.05 24.58 9.28 3.13
   
3.59 26.90 24.80 6.67
   
10.17
Trichoptera larvae 
 
        2.56 
 
1.46    0.51
 
  5.00
 
9.38 0.24
 
  8.79  3.85 30.69
  Odonata  larvae 5.38 0.20 9.58  5.45
Ephemeroptera larvae            1.23  7.63 7.85
 
61.14 3.73 4.82 41.38
  Coleoptera larvae          3.51  0.26  2.22 7.08 1.15 9.12 18.75
Aquatic Coleoptera adult 
 
7.14 
 
      18.84 
 
1.38 7.22 12.50
 
2.19
 
1.70
 
15.79
 
17.50
Diptera  adult 0.54
 
5.32 2.51
  Ephemeroptera  adult
 
0.76
  Lepidoptera  adult 1.00
Orthoptera  adult 2.22
 
35.47 0.32
 
1.65
 
13.92
Odonata  adult 1.04 0.53
Terrestrial Coleoptera adult          6.03
 
15.81 1.43 3.62
 
27.58
Hymenoptera  (flying)  adult 2.22
 
0.65 11.96
Hymenoptera  (non-flying)  adult  20.83
 
1.79 18.19
    Teleost   83.14 
 
66.63 
 
    5.68  2.86  79.00
 
9.46
 
3.28
  Teleost  Scales 2.22
 
1.54
 
0.22
  Teleost  Egg 2.11
 
6.10
  Mammal
t i l
7.86
  R e pTable 7.4 Percentage occurrence (%F) of food items found in the stomachs of fish captured in freshwaters of the Fitzroy River in the early dry season.  
Species and size category  Cle                                  Pm Ne<100 Ne>100 Ag<150 Ag>150 Ma Cl Am Lc Ap<40 Ap>70 Hj Lu Ga Tk>50 Gg<70
Length range (mm)  min                   
                           
                                 
                             
                             
778 912 25  138  92  207  41 16 19 434 17  72  137 40 20 50  13 
max  1160  2271 56 340 132 380 54 48 46 928 37 87 325 108 120 193 48
n  14 6 19 36 18 30 31 31 30 30 26 4 25 30 30 20 30
Dietary component 
  Sand 33.33 41.67 33.33 20.00 3.33 50.00 24.00
Diatom                               
                             
                         
                              
                                
                          
                              
                             
                                
                                
                              
                              
                       
                             
                               
                              
                               
                             
                             
                         
                         
               
                                   
                             
                       
                            
                              
                              
                                 
                             
                                
                                
                           
                            
                  
                           
                          
                          
                             
                      
                          
                            
                               
                             
30.56
Filamentous  algae
 
33.33 97.22 38.89 40.00 41.94 6.45
 
3.33 3.85 75.00 100.00  40.00
 
  10.00
  Fig/fruit 5.56 3.33 3.23 16.00 3.33
Aquatic  macrophyte 7.14 6.67
Terrestrial  vegetation
 
14.29
 
  50.00 21.05 47.22 22.22 30.00 16.00 3.33 5.00
Biofilm/silt 33.33 97.22 4.00
Gastropoda 22.22 3.33 100.00
  Bivalvia 2.78 33.33
Nematoda 16.67 6.67
Annelida 8.33 22.22 4.00 3.33
Terrestrial  Arachnid 3.23
Aquatic  Arachnid
 
3.23
Ostracoda   12.90  3.33
 
3.33  3.33
Cladocera 63.16 25.00 41.94  25.81 25.00 4.00 13.33
Copepoda 42.11 15.38
Isopoda 3.85 6.67
Amphipoda
Other  microcrustacea
 
10.53   3.33 4.00
Shrimp  (<15mm)
Macrobrachium rosenbergii
 
7.14
 
  83.33
 
10.00  3.23   23.33
 
16.00 3.33  5.00
  Diptera  larvae 44.44 36.67 6.45 90.32
 
10.00 61.54 50.00 4.00
 
33.33 26.67
 
13.33
  Diptera  pupae   33.33  3.85  25.00 3.33  5.00
Aquatic  Hemiptera 5.26 94.44 43.33 32.26 19.35 26.67 15.38 25.00 36.00 50.00 43.33 20.00 20.00
Trichoptera larvae          22.22  16.67    3.23  10.00    26.92    4.00  23.33  10.00    36.67 
Odonatan  larvae 20.00 3.85 20.00  10.00
Ephemeroptera  larvae 10.00  12.90  19.35  80.77 13.33  10.00 53.33
Coleoptera larvae          5.56  3.33  6.45    10.00    3.85      16.67  23.33     
Aquatic Coleoptera adult 
 
7.14 
 
      38.89  10.00  16.13    13.33        16.00  10.00  23.33  30.00   
Diptera  adult 6.67 19.35 15.00
Ephemeroptera  adult 3.23
Lepidoptera  adult 3.33
Orthoptera  adult 5.56 60.00 3.23 3.33 30.00
Odonata  adult 6.67 5.00
Terrestrial  Coleoptera  adult 11.11 50.00 3.23 8.00 65.00
Hymenoptera  (flying)  adult 3.33 3.23 25.00
Hymenoptera  (non-flying)
 
32.26  3.33  60.00
Other  terrestrial  insect 5.56 6.67 25.00
Unidentified insect part    83.33  26.32 
 
    40.00  35.48  6.45  36.67 
 
  7.69 
 
25.00  16.00  16.67  23.33 
 
30.00  6.67 
Arius graeffei  64.29
 
  100.00   40.00
Glossamia aprion 
Nematalosa erebi  7.14
 
    16.67
  Amniataba percoides  3.33
Craterocephalus lentiginosus  3.33
Other/unidentified teleost 
 
21.43 
 
16.67      11.11 3.33 23.33 3.33 3.33
Teleost  scales
 
5.56 6.67 4.00
Teleost egg 6.45 10.00 
Mammal 14.29
  Reptile
 Table 7.5 Average late dry season diet (adjusted %V) of each fish species captured in freshwaters of the Fitzroy River. 
Species and size category  Cle                                Pm Ne>100 Ag>150 Ma Cl Am Lc Ap40-70 Ap>70 Hj Lu Ga Tk<50 Tk>50 Gg<70
n used in analysis  5                       
                         
2 44  33  30 30 21 30 19  10 22 17 31 18 12 29 
Dietary component 
Sand                            
o m                            
                    
                        
                             
                     
                       
                           
                              
                             
                           
                           
                            
                         
                             
                           
                              
                           
                           
                              
                 
            
                  
               
                        
                           
                     
                   
                
                           
                           
                           
                             
                   
                           
                          
            
                         
                            
                           
                             
5.49 26.36 1.49
D i a t
Filamentous algae 
 
    21.42  8.20  56.69  18.92 18.85 16.66 51.85 1.38
 
0.69
Fig/fruit 0.34 8.48 25.77
Aquatic  macrophyte 0.42 2.30
Terrestrial vegetation 
 
  2.75  2.09  2.26 11.20
Biofilm/silt 66.37  48.67
Gastropoda 4.98 2.43 0.86
Bivalvia 1.65 0.05 1.62 0.33 0.18
Nematoda 0.17 1.38
Annelida 0.05
Terrestrial  Arachnida
 
3.89
  Aquatic  Arachnida 0.21 32.43
Ostracoda 0.15  44.05 0.04  18.41
 
  3.12 28.17 1.27 6.45 27.07
  Cladocera 0.11 2.39 0.20 3.39
Copepoda 0.27
Isopoda 0.73 0.10
Amphipoda 0.05
Shrimp  (<15mm)
Macrobrachium rosenbergii  2.75 0.84 19.33
 
0.27 3.23
Diptera larvae      0.05  0.36  0.13  3.75  5.58 13.25 3.02 0.33 10.75 7.85 15.33 0.42
 
9.58
Diptera pupae          2.33  13.72  13.21  4.52  33.19 2.11
Aquatic Hemiptera        2.17  8.62  6.03  19.94 7.98 0.99
 
15.23 18.72
 
31.09 8.43
 
27.61
Trichoptera larvae      0.32  0.24  0.17  7.19 8.40 2.98 1.68 10.55 1.31 3.83
Odonata  larvae 5.45 10.53 39.42 1.84  20.59  7.67
 
2.61
Ephemeroptera  larvae 15.79 0.29 1.15
Coleoptera larvae          0.67  3.79 10.06 24.47
 
8.09 3.23 14.79
Aquatic Coleoptera adult        4.55  2.24 1.12 1.15 6.86 6.45 2.53 18.95
 
2.93
Diptera adult          3.29    3.33 0.25 0.88 1.61
Ephemeroptera  adult 1.82
Lepidoptera  adult 7.50
Orthoptera  adult 23.43 19.57
Odonata  adult 2.70 2.37 0.25 5.00 0.69 3.33
Terrestrial Coleoptera adult        10.05 0.07 3.40  19.40
Hymenoptera  (flying)  adult 3.03 8.33 0.83
Hymenoptera  (non-flying)  adult 0.40 25.15 5.96  21.57
  Teleost   80.00  20.99    6.36        80.67 5.50 5.88
 
  29.03 8.00
Teleost  Scales 0.23 7.19 0.66 0.25
Teleost  Egg 2.15
Mammal 1.21
Reptile 20.00 3.00 3.23
 Table 7.6 Percentage occurrence (%F) of food items found in the stomachs of fish captured in freshwaters of the Fitzroy River in the late dry season.  
Species and size category  Cle                                Pm Ne>100 Ag>150 Ma Cl Am Lc Ap40-70 Ap>70 Hj Lu Ga Tk<50 Tk>50 Gg<70
Length range (mm)  min                       
                               
                               
                          
                          
878 1040 143  167  27 20 18 360 45  72  81 31 19 15 85 19 
max  1328 1587 420 455 74 55 63 770 67 109 262 112 117 42 219 66
n  5 2 44 35 30 30 21 30 20 10 22 20 34 18 13 30
Dietary component 
  Sand 50.00 90.91 11.43
D i a t o m                             
                            
                        
                              
                            
                          
                            
                             
                              
                            
                           
                               
                  
                             
                            
                              
                            
                           
                          
                           
                     
                                 
                          
                        
                              
                         
                           
                           
                           
                          
                            
                          
                            
                          
                                 
                       
                         
                          
                          
                           
                     
                         
                             
                           
                           
Filamentous  algae
 
93.18 25.71 96.67  70.00 30.00 60.00 86.36  5.00
 
3.33
Fig/fruit 6.82 8.57 59.09
Aquatic  macrophyte 3.33 2.94
Terrestrial  vegetation
 
50.00 25.00 8.57 31.82
Biofilm/silt 100.00 100.00
Gastropoda 11.43 20.00 3.33
Bivalvia 50.00 2.27 5.71 13.64 2.94
Nematoda 3.33 3.33
Annelida 2.27
Terrestrial  Arachnid 5.56
Aquatic  Arachnid 6.67 66.67
Ostracoda       2.86 3.33 86.67 38.10
 
  20.00  60.00   10.00 8.82   46.67
Cladocera 9.09 16.67 10.00 5.88
Copepoda 6.82
Isopoda 4.76 10.00
Amphipoda 2.27
Other  microcrustacea
m m )  
5.56
S h r i m p   ( < 1 5
Macrobrachium rosenbergii
 
50.00 5.71 23.33
 
4.55 2.94
Diptera  larvae 2.27 8.57 3.33  16.67  28.57 60.00 50.00 9.09  55.00  11.76 33.33 7.69 26.67
Diptera pupae          16.67  36.67            45.00  8.82  55.56    13.33 
Aquatic  Hemiptera 8.57 36.67 20.00 28.57 35.00 13.64 40.00 23.53
 
94.44 23.08 43.33
Trichoptera  larvae 9.09 5.71 3.33  23.33  14.29 30.00 20.00 35.00 5.56 10.00
Odonatan  larvae 5.71 20.00 60.00 9.09  30.00  8.82 5.56
Ephemeroptera  larvae 35.00 5.00 3.33
Coleoptera larvae          3.33  10.00  19.05    30.00      15.00  2.94      26.67 
Aquatic Coleoptera adult 
 
      14.29 
 
13.33    4.76        9.09  10.00  5.88  5.56  46.15 
 
3.33 
Diptera  adult 6.67 4.76 4.55 5.00 2.94
Ephemeroptera  adult 2.86
Lepidoptera  adult 7.69
Orthoptera  adult 31.43 38.46
Odonata  adult 5.71 5.00 4.55  5.00 5.56 7.69
Terrestrial  Coleoptera  adult 22.86 3.33 11.11 53.85
Hymenoptera  (flying)  adult 5.71 10.00 7.69
Hymenoptera  (non-flying)
 
2.86 63.33 27.78 61.54
Other  terrestrial  insect 5.71 3.33 10.00 7.69
Unidentified  insect  part 50.00 22.86 40.00 36.67 33.33 30.00 50.00 36.36 40.00
 
41.18 11.11 46.15 53.33
Arius graeffei  80.00
 
  100.00 6.67 4.55
Glossamia aprion  2.94 6.67
Nematalosa erebi  63.33
Amniataba percoides 
Craterocephalus lentiginosus  5.00 5.88
Other/unidentified teleost 
 
20.00 
 
50.00    8.57 13.33 9.09 5.88 3.33
Teleost  scales
 
2.27 11.43 5.00 4.55
Teleost egg 2.94
Mammal 2.86
Reptile 20.00 2.86
 Table 7.7 Percentage contribution (%V) and percentage occurrence (%F) of food items found in the stomachs of estuarine and/or rare fishes captured 
in freshwaters of the Fitzroy River.  
Species and size category  Elops hawaiensis  Megalops cyprinoides  Neosilurus hyrtlii  Strongylura krefftii  Hannia greenwayi  Liza alata 
Length range (mm)  356 - 449 108 - 468 133 - 205  124 - 459 136 - 159 95 - 289 
n  3 16 13  9 3  21 
Dietary component  %V %F  %V  %F  %V %F  %V  %F  %V  %F  %V  %F 
Sand         0.48  7.69          22.03  95.24 
Diatom                     15.30  85.71 
Filamentous algae  11.43  33.33      3.71  69.23  3.10  22.22  65.00  100.00  17.89  85.71 
Fig/fruit                        
Aquatic macrophyte                         
Terrestrial vegetation          0.55  15.38          0.48  4.76 
Biofilm/silt 28.57  33.33      6.25 53.85          43.47  95.24 
Gastropoda         16.71  53.85             
Bivalvia     1.42  6.25  1.92  15.38             
Nematoda                     0.06  9.52 
Annelida         0.41  7.69           
Terrestrial Arachnid                         
Aquatic Arachnid                         
Ostracoda         64.01  100.00             
Cladocera         0.40  15.38             
Copepoda                        
Isopoda                        
Amphipoda                        
Other microcrustacea                         
Shrimp (<15mm)                         
Macrobrachium rosenbergii                        
Diptera larvae          1.84  38.46             
Diptera pupae                         
Aquatic Hemiptera  38.57  66.67  37.74  37.50  0.55  15.38  13.33  33.33  10.00  33.33     
Trichoptera  larvae         0.10  7.69           
Odonatan  larvae     2.26 6.25    1.67  11.11        
Ephemeroptera larvae                         
Coleoptera larvae                         
Aquatic Coleoptera adult      24.53  25.00      5.71  11.11         
Diptera adult      1.32  12.50                 
Ephemeroptera adult                         
Lepidoptera adult                         
Orthoptera adult      1.89  6.25                 
Odonata adult      1.70  6.25                 
Terrestrial Coleoptera adult      2.36  6.25                 
Hymenoptera (flying) adult                         
Hymenoptera (non-flying)                         
Other terrestrial insect                         
Unidentified insect part  21.43  33.33  13.21  18.75  3.08  46.15  8.81  22.22         
Arius graeffei                       
Glossamia aprion                       
Nematalosa erebi            27.14  22.22         
Amniataba percoides                       
Craterocephalus lentiginosus     3.40  6.25     11.90  11.11  25.00  33.33     
Other/unidentified teleost      10.19  12.50      23.33  22.22         
Teleost scales                         
Teleost egg                         
Mammal                        
Reptile             5.00  11.11        
 contained far fewer aquatic insects, a component that was replaced by filamentous 
algae and detritus (biofilm/silt).  Amniataba percoides showed a similar shift in the 
diet from predominantly aquatic invertebrates to one that included a large volume of 
algae.  Individuals of both A.graeffei <150 mm TL and T. kimberleyensis <50 mm TL 
consumed predominantly aquatic insects, while the diets of larger individuals of these 
species were dominated by terrestrial insects. 
 
7.3.2 Seasonal dietary differences within a species  
ANOSIM indicated that the respective diets of C. leucas, N. erebi, A. graeffei, L. 
calcarifer, H. jenkinsi, L. unicolor, T. kimberleyensis and G. giurus were generally 
comparable between the seasons tested.  The diet of only one species, C. lentiginosus, 
was observed to be different in all seasons, with dipteran larvae being a dominant prey 
item in the early dry season.  Dipteran larvae, algae and ostracods dominated in the 
late dry season, and dipteran pupae and aquatic hemipterans in the wet season.  The 
diet of M. australis differed between the late dry and wet season; in the late dry large 
quantities of filamentous algae were consumed.  The lack of filamentous algae present 
in the wet season is likely a consequence of its concealment by silt in that season.  
Despite the early dry season and wet season diet of Ambassis sp. 1 being consistent 
(consisting mainly of dipteran larvae and pupae and aquatic hemipterans), the late dry 
season diet contained only small quantities of dipteran larvae and no dipteran pupae, 
and was dominated by aquatic arachnids, ostracods, aquatic hemipterans and 
coleopteran larvae.  In the case of large A. percoides (>70 mm TL), the diet in the 
early dry season contained high proportions of algae, gastropods and cladocerans, 
whereas in the late dry season, ostracods and odonatan larvae effectively replaced the 
gastropod and cladocerans component of the diet and a smaller, but still high, 
proportion of algae was consumed. 
 
7.3.3 Diets of the estuarine and/or rare fishes 
Of the six species that were rarely captured (Table 7.7), three were freshwater 
(Neosilurus hyrtlii, Strongylura krefftii and Hannia greenwayi), while the remaining 
three species (Megalops cyprinoides, Elops hawaiensis, and Liza alata)  are 
considered to be estuarine-freshwater species (Allen et al. 2002, Morgan et al. 2004a).  
Strongylura kreffti was observed to consume mainly fishes, while E. hawaiensis and 
M. cyprinoides consumed aquatic insects.  The stomachs of N. hyrtlii contained a 
  84large quantity of cladocerans, while the diets of H. greenwayi and L. alata were 
dominated by filamentous algae and biofilm/silt, respectively. 
 
7.3.4 Seasonal dietary overlap of freshwater fishes of the Fitzroy River 
Wet season 
Classification of mean dietary data identified four major feeding groups during the 
wet season (Figure 7.3).  Group 1 was represented by N. erebi <100 mm TL and >100 
mm TL, which were characterised by detrital feeding, and whose diets were almost 
exclusively biofilm/silt.  Group 2 contained the greatest number of species, all of 
which consumed large quantities of aquatic insects, in particular aquatic hemipterans.  
Four subgroups (I-IV) were identified within Group 2.  Subgroup I (M. australis and 
T. kimberleyensis 50-110 mm TL) also consumed a substantial volume of 
hymenoptera (terrestrial ants) and terrestrial arachnids.  Members of Subgroup II (G. 
giurus <70 mm TL, T. kimberleyensis <50 mm TL, C. lentiginosus and Ambassis sp. 
1) consumed large quantities of dipteran pupae.  Species in Subgroup III (G. aprion 
and G. giurus >70 mm TL) were the only species that consumed a large proportion of 
teleost prey in Group 2, and Subgroup IV (A. percoides >40 mm TL, A.graeffei <150 
mm TL and L. unicolor) commonly consumed large amounts of filamentous algae.  
Lates calcarifer was the only species constituting Group 3, and had a diet that 
consisted largely of teleost prey and M. rosenbergii.  Group 4, which included A. 
graeffei >150 mm TL and H. jenkinsi, is characterised by a diet containing fig/fruit 
and other terrestrial vegetation, as well as orthopteran adults.  
 
ANOSIM confirmed that the diets of both large and small N. erebi were significantly 
different to all other species (Table 7.8).  However, no dietary difference was detected 
between these sizes.  Within Group 2 ANOSIM demonstrated that although the 
Subgroups identified using classification of mean data suggested that some species 
consumed more of a particular type of prey, in general, there was a large degree of 
overlap between members of this Group and its Subgroups.  ANOSIM confirmed the 
separation of the diet of L. calcarifer as demonstrated by classification.  Interestingly, 
although the dendogram suggested A. graeffei >150 mm TL and H. jenkinsi had diets 
similar to each other but different to the other species, ANOSIM, whilst confirming 
that the diet of A. graeffei >150 mm TL was significantly different to all other species 
(except  H. jenkinsi), indicated that this was not the case for H. jenkinsi.  Thus, 
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Figure 7.3 Classification of the mean volumetric dietary data of freshwater fishes of the Fitzroy River collected 
during the wet season, with major feeding groups indicated.Table 7.8 R-statistic values for pairwise ANOSIM comparisons of the diets of fish species examined from freshwaters of the Fitzroy River in the 
wet season. Significant dietary differences are represented by * where p<0.05 and **p<0.01 and R-stat >0.300. Global R = 0.430. 
Species  Ne <100  Ne >100  Ag <150  Ag >150  Ma  Cl  Am  Lc  Ap >40  Hj  Lu  Ga  Tk <50  Tk  
50-110 
Gg <70 
Ne >100  0.001  -                            - - - - - - - - - - - - -
Ag <150  0.866**  0.937**                            - - - - - - - - - - - - -
Ag >150  0.860**  0.853**  0.606**                          - - - - - - - - - - - -
Ma  0.493**                            0.636** 0.246  0.593** - - - - - - - - - - -
Cl  0.528**                            0.660** 0.340** 0.669** 0.267  - - - - - - - - - -
Am  0.460**                          0.632** 0.217  0.647**  0.241 0.049 - - - - - - - - -
Lc  0.458**                            0.568** 0.390** 0.435** 0.412** 0.419**  0.390** - - - - - - - -
Ap >40  0.502**                    0.475** 0.049  0.592**  0.396**  0.380**  0.348**  0.464** - - - - - - -
Hj  0.584**                            0.582** 0.201 0.276 0.529** 0.555** 0.518** 0.430** 0.206  - - - - - -
Lu  0.371**                        0.460** 0.046  0.456**  0.153 0.186 0.169 0.321**  0.100 0.240 - - - - -
Ga  0.785**                            0.849** 0.619** 0.799** 0.288 0.209 0.306** 0.451** 0.438** 0.670** 0.120  - - - -
Tk <50  0.822**                              0.913** 0.313** 0.716** 0.121 0.069 0.039 0.441** 0.331** 0.608** 0.002 0.245 - - -
Tk 50-110  0.891**                      0.938** 0.579** 0.363** 0.096  0.334** 0.344** 0.458** 0.489** 0.569** 0.121  0.389**  0.271  - -
Gg <70  0.785**                              0.859** 0.581** 0.816** 0.429** 0.071 0.273 0.537** 0.484** 0.686** 0.364** 0.544** 0.398** 0.649** -
Gg >70  0.786*                          0.925** 0.236  0.704**  0.200 0.198 0.199 0.306** 0.343** 0.486** 0.010 0.177 0.129 0.324** 0.574**
 
 ANOSIM could not discern any differences in the diet of H. jenkinsi and A. graeffei 
<150 mm TL, A. percoides >40 mm TL and L. unicolor, all of which consumed a 
large proportion of filamentous algae.  
 
Early Dry Season 
Classification of mean dietary data collected in the early dry season, recognised six 
major feeding groups (Figure 7.4).  The diet of Group 1 (N. erebi <100 mm TL) was 
made up almost entirely of cladocerans and copepods.  Group 2 (P. microdon, L. 
calcarifer and C. leucas) consumed a high proportion of fish.  Filamentous algae was 
a major component (at least 20%) in the diet of the members of Group 3 (N. erebi 
>100,  H. jenkinsi,  A. percoides and M. australis).  Group 4 (C. lentiginosus, A. 
percoides <40 and G. giurus) consumed a high proportion of dipteran and 
ephemeropteran larvae.  The species included in Group 5 (L. unicolor, Ambassis sp. 1, 
A. graeffei <150 and G. aprion) consumed a broad range of aquatic invertebrates and, 
in particular, aquatic hemipterans, whilst those in Group 6 (A. graeffei >150 and T. 
kimberleyensis) ate a large proportion of terrestrial insects, in particular orthopterans 
and coleopterans, in addition to a wide range of aquatic insects.   
 
In general ANOSIM supported the groups identified in the classification (Table 7.9).  
However, in Group 3 ANOSIM clearly distinguished between N. erebi >100 mm TL 
and other members of the group, presumably due to this species being the only one to 
consume large amounts of biofilm/silt (~70% cf. <0.2%).  Within the remaining 
members of this Group no difference could be discerned between M. australis >40 
mm TL and H. jenkinsi, or between M. australis >40 mm TL and A. percoides >70 
mm TL.  However, A. percoides >70 mm TL had a significantly different diet to H. 
jenkinsi.  This can be attributed to the fact that M. australis >40 mm TL takes a very 
broad suite of prey items, as does H. jenkinsi, whereas A. percoides >70 mm TL takes 
a far narrower suite of prey items, but which includes a large proportion of 
cladocerans, which are also taken in a large proportion by M. australis >40 mm TL, 
but not by H. jenkinsi.  Within Group 4, although ANOSIM could discern no 
difference between the diets of A. percoides <40 mm TL and G. giurus, both had 
significantly different diets to C. lentiginosus.  This difference can be attributed to the 
fact that although all the species within Group 4 ingest a similar, though limited, suite 
of food items, both A. percoides <40 mm TL and G. giurus consume very large 
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Figure 7.4 Classification of the mean volumetric dietary data of freshwater fishes of the Fitzroy River 
collected during the early dry season, with major feeding groups indicated.Table 7.9 R-statistic values for pairwise ANOSIM comparisons of the diets of fish species examined from freshwaters of the Fitzroy River in the 
early dry season. Significant dietary differences are represented by * where p<0.05 and **p<0.01 and R-stat >0.300. Global R = 0.547. 
      Species  Cle Pm Ne
<100 
Ne 
>100 
Ag 
<150 
Ag 
>150 
Ma >40  Cl  Am  Lc  Ap <40  Ap >70  Hj  Lu  Ga  Tk >50 
Pm  0.370*                                - - - - - - - - - - - - - - -
Ne <100  0.629**  0.575**                              - - - - - - - - - - - - - -
Ne >100  0.963**  0.976**  0.886**                            - - - - - - - - - - - - -
Ag <150  0.712**  0.700**  0.707**  0.937**                          - - - - - - - - - - - -
Ag >150  0.718**  0.603**  0.692**  0.811**  0.368**                        - - - - - - - - - - -
Ma >40  0.534**                              0.384** 0.305** 0.616** 0.230  0.415** - - - - - - - - - -
Cl  0.851**                                0.874** 0.743** 0.937** 0.705** 0.702** 0.557** - - - - - - - - -
Am  0.403**                          0.322** 0.406** 0.775** 0.127  0.458**  0.285  0.495** - - - - - - - -
Lc  0.093                              0.298 0.657** 0.868** 0.678** 0.690** 0.589** 0.781**  0.537** - - - - - - -
Ap <40  0.813**                          0.837** 0.720** 0.937** 0.678** 0.662** 0.475**  0.545**  0.466**  0.747** - - - - - -
Ap >70  0.753**                        0.883** 0.480** 0.926** 0.575** 0.529** 0.015  0.782**  0.140  0.682**  0.760** - - - - -
Hj  0.933**                              0.794** 0.834** 0.814** 0.749** 0.632** 0.232  0.898** 0.557** 0.788** 0.888** 0.370** - - - -
Lu  0.560**                    0.423** 0.527** 0.682** 0.041  0.335**  0.170  0.474**  0.147  0.610** 0.376** 0.056  0.315** - - -
Ga  0.339**  0.250  0.451**            0.746** 0.022  0.344**  0.216  0.440**  0.079  0.462** 0.344** 0.180  0.514**  0.034  - -
Tk >50  0.688**                                0.703** 0.638** 0.933** 0.480** 0.259 0.263 0.811** 0.339** 0.684** 0.770** 0.689** 0.831** 0.480** 0.317** -
Gg  0.486**                    0.456** 0.448** 0.785** 0.385** 0.503** 0.329** 0.479** 0.291  0.558**  0.044  0.389** 0.659** 0.242   0.239 0.512** 
 
 quantities of ephemeropteran larvae unlike any other species, whereas the majority of 
the diet of C. lentiginosus is made up of dipteran larvae, again unlike any other 
species.  No differences in the diets of the species that constituted Group 5 (L. 
unicolor, Ambassis sp. 1, A. graeffei <150 mm TL and G. aprion) were recognised by 
ANOSIM.  With the exception of comparisons between M. australis >40 mm TL and 
G. giurus, and the species within Group 5, significant differences were evident in the 
diets of species within this Group and all other species.  No differences were detected 
between the diets of A. graeffei >150 mm TL and T. kimberleyensis (Group 6), 
however, the diets of these species were different to all other species.  
 
Late Dry Season 
Classification of mean dietary data collected in the late dry season recognised five 
major feeding groups (Figure 7.5).  Group 1 (N. erebi >100 mm TL and P. microdon) 
diets were dominated by detritus (biofilm/silt).  It is likely that the ingestion of 
biofilm/silt by P. microdon is a result of this species foraging behaviour, i.e. along the 
benthos.  Group 2 (C. leucas and L. calcarifer) diets contained a large portion of fish.  
The diets of Group 3 (A. graeffei >150 mm TL and T. kimberleyensis >50 mm TL) 
contained a large proportion of terrestrial insects, in particular orthopterans and adult 
coleopterans.  Group 4 (M. australis and H. jenkinsi) consumed a large portion of 
filamentous algae, in addition to a number of aquatic insects.  Group 5 contained the 
remaining eight species, all of which had ingested a range of smaller aquatic 
invertebrates.   
 
With only one exception, pairwise comparisons confirmed these major groupings, i.e. 
the diets of species within a group were similar to one another, but significantly 
different to species in all other groups (Table 7.10).  The notable exception to this is 
the difference in the diets of the piscivorous C. leucas and L. calcarifer.  While both 
ingested a similar quantity of fish (~80%), they are distinguishable as the remaining 
portion of the diet of the former species consisted of reptile (Crocodylus johnstoni), 
whereas that of the latter species is made up of the large crustacean Macrobrachium 
rosenbergii. 
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Figure 7.5 Classification of the mean volumetric dietary data of freshwater fishes of the Fitzroy River 
collected during the late dry season, with major feeding groups indicated.Table 7.10 R-statistic values for pairwise ANOSIM comparisons of the diets of fish species examined from freshwaters of the Fitzroy River in 
the late dry season. Significant dietary differences are represented by * where p<0.05 and **p<0.01 and R-stat >0.300. Global R = 0.558. 
Species  Cle  Pm  Ne >100  Ag >150  Ma  Cl  Am  Lc  Ap  
40-70 
Ap >70  Hj  Lu  Ga  Tk <50  Tk >50 
Pm  0.345  -                            - - - - - - - - - - - - -
Ne >100  0.996*  0.433**                            - - - - - - - - - - - - -
Ag >150  0.196                              0.097 0.639** - - - - - - - - - - - -
Ma  0.966**  0.975**  0.907**  0.396**                        - - - - - - - - - - -
Cl  0.903**  0.911**  0.912**  0.435**  0.672**                      - - - - - - - - - -
Am  0.609**  0.611**  0.928**  0.322**  0.800**  0.452**                    - - - - - - - - -
Lc  0.019  0.480*  0.917**  0.409**  0.855**  0.823**  0.695**                  - - - - - - - -
Ap 40-70  0.635**                          0.640** 0.887** 0.211  0.566** 0.533** 0.293  0.708** - - - - - - -
Ap >70  0.764**                          0.804* 0.962** 0.098  0.774** 0.331** 0.382** 0.742** 0.193  - - - - - -
Hj  0.787**                            0.815** 0.872** 0.185** 0.270  0.636** 0.732** 0.728** 0.458** 0.582** - - - - -
Lu  0.542**                          0.564** 0.943** 0.219** 0.794** 0.564** 0.286  0.649**  0.125 0.222 0.702** - - - -
Ga  0.011                  0.031 0.785**  0.158  0.558** 0.406** 0.160  0.310**  0.095 0.061 0.399**  0.010  - - -
Tk <50  0.926**                              0.948** 0.993** 0.307** 0.818** 0.657** 0.457** 0.791** 0.444** 0.854** 0.887** 0.202 0.058 - -
Tk >50  0.737**                        0.761* 0.984** 0.022  0.796** 0.866** 0.552  0.739** 0.573** 0.760** 0.835** 0.494** 0.150  0.571** -
Gg <70  0.412**                        0.444* 0.848** 0.307** 0.648** 0.201 0.139 0.556**  0.150 0.202 0.591**  0.146 0.089 0.197 0.431** 
 
 Changes in overlap between seasons 
A comparison of the percentages of non-significant pairwise comparisons (using 
ANOSIM) in each season indicated that there was no dietary difference in ~30% (36 
of the 120) of these comparisons during the wet season (Table 7.8).  The percentage 
of pairwise comparisons showing no dietary difference decreased to ~20% (21 of the 
105) during the early dry season, i.e. indicating more partitioning of the food resource 
was occurring in the community during this season (Table 7.9).  During the late dry 
season, dietary overlap in the community had increased, as indicated by non-
significant pairwise comparisons increasing to ~26% (24 of the 91) (Table 7.10). 
 
 
7.4 Discussion 
The dietary characteristics of the fish community of the Fitzroy River differ from 
those of tropical freshwater fish communities of Asia, Africa and South America.  In 
the latter systems, terrestrial plant material, insects (aquatic and terrestrial) and 
detritus are major direct food sources and these communities generally also support a 
diverse and abundant range of piscivores (Lowe-McConnell 1987).  Although insects 
are of particular importance to the freshwater fishes of the Fitzroy River, only one 
detritivore was identified (N. erebi), terrestrial vegetation was not a dominant direct 
food resource and only three large piscivores (C. leucas,  P. microdon and L. 
calcarifer) were encountered in comparatively low numbers.  
 
Diets of the fishes collected from the Fitzroy River showed some consistency with 
published accounts of the diets of these species from other river systems in northern 
Australia and confirmed the importance of aquatic insects as a food source in 
freshwater systems of tropical Australia (Allen 1982, Angermeier and Karr 1983, 
Merrick and Schmida 1984, Bishop et al. 1986, 2001, Pusey et al. 2000, 2004, Allen 
et al. 2002, Morgan et al. 2004b).  Nevertheless, differences to published accounts 
were observed for a number of species.  For example: 
1. Although A. percoides, H. jenkinsi and M. australis are commonly regarded as 
carnivorous elsewhere in Australia, filamentous algae was the single largest food type 
consumed by A. percoides and H. jenkinsi in all seasons in the Fitzroy River and by 
M. australis in the early and late dry seasons.    
  882. In contrast, while Morgan et al. (2004b) reported that filamentous algae was the 
major food consumed by L. unicolor in Lake Kununarra, in the Fitzroy River this 
species ingested very little filamentous algae, feeding almost exclusively on aquatic 
insects. 
3. Terrestrial insects, in particular orthopterans and coleopterans, were a major prey 
item of A. graeffei in the Fitzroy River, whereas they were only minor contributors to 
the diet of this species captured elsewhere. 
4. The diet of G. aprion in the Fitzroy River (and in Lake Kununarra (Morgan et al. 
2004b)) was dominated by aquatic insects (especially aquatic hemipterans), whereas 
this species has been reported to consume high proportions of fish and macro-
crustaceans elsewhere in Australia. 
 
7.4.1 Ontogenic changes in the diets of Fitzroy River fishes 
Approximately half of the freshwater fishes collected from the Fitzroy River during 
this study demonstrated some degree of ontogenic change in their diet, i.e. N. erebi, A. 
graeffei,  A. percoides,  T. kimberleyensis and  G. giurus.  The current study also 
indicated that a number of factors, other than a physical ability to swallow a prey, are 
responsible for these changes in diet.  As noted by Schmitt and Holbrook (1984), 
variation in the diets of different sized fishes may be influenced by habitat utilisation, 
foraging behaviours and feeding rates, in addition to size-related morphological 
constraints.  Changes in food utilisation may be observed as a ‘shift’ in the food items 
consumed at a particular stage in ontogeny or as a gradual increase in the size (and 
type) of food items ingested as the fish grows.  Changes in the diet associated with 
major morphological developments and/or changes in habitat utilisation often result in 
abrupt and major changes in diet, whereas changes with growth may be less abrupt 
and often include an overall broadening of the diet (see for example Hyndes et al. 
1997, Gill and Morgan 1998, 2003, Huskey and Turingan 2001, Cocheret de la 
Morinière et al. 2003).   
 
During this study, the diet of A. graeffei <150 mm TL was shown to be different to 
that of larger individuals, not only in terms of the size of the prey item but the source 
from which the prey came, i.e. terrestrial.  Smaller A. graeffei consumed relatively 
large proportions of small aquatic invertebrates, in particular hemipterans and 
coleopterans.  In contrast, while continuing to consume a wide range of small aquatic 
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coleopterans and orthopterans, and during the wet season also contained figs, all of 
which are larger food items.  An increase in the number of prey items with growth (11 
cf. 18 and 16 cf. 22 in the wet and early dry seasons, respectively) was also observed.  
Pusey et al. (1995) suggested that an increase in mouth gape was closely correlated to 
an increased reliance on terrestrial prey in fishes of tropical Australia.  However, in 
the case of A. graeffei in the Fitzroy River, the ingestion of large food items with a 
terrestrial origin is also likely to be attributable to changes in foraging behaviours (i.e. 
the habitat utilised).  Thus, an increase in size not only results in a food item ‘fitting’ 
the larger mouth, but also improves mobility and reduces the likelihood of predation 
thereby allowing utilisation of previously unavailable and/or dangerous habitats. 
 
At the time of early dry season sampling Geikie Gorge was experiencing a ‘bloom’ of 
cladocerans and copepods.  Small N. erebi were commonly captured in shallow 
waters near the bank, as opposed to adults which were more often associated with 
deeper ‘open’ waters of the rivers main channel.  During this period, the diet of small 
individuals was dominated by cladocerans and copepods (~90%), whereas in larger N. 
erebi a similar proportion of the diet was made up of filamentous algae and 
biofilm/silt.  During the wet season, the diets of both small and large N. erebi was 
almost exclusively filamentous algae and biofilm/silt.  The differences in diets during 
the dry season are likely to be the result of one or the other, or a combination of the 
following.  Firstly, this difference may be a result of the above noted differences in 
habitat utilisation by small and large individuals of this species.  Although 
cladocerans and copepods were abundant throughout the surface waters of the river, it 
is not known whether their vertical distribution extended down to the depths inhabited 
by larger N. erebi.  In other words, these microcrustaceans may not have been freely 
available to the larger individuals.  Secondly, the difference may be attributable to the 
energetic value associated with feeding on these microcrustaceans.  Although N. erebi 
possess long, fine and closely spaced gill rakers, a feature commonly considered an 
adaptation to filter feeding, the very small and inferior mouth of this species, while 
conducive to benthic detrital feeding, is not conducive to open water planktonic 
feeding.  It would therefore seem that small N. erebi actively target individual 
cladocerans and copepods.  As these microcrustaceans are likely to contain a higher 
calorific content than an equivalent weight of filamentous algae or biofilm/silt, the 
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latter.  However, the returns to large fish feeding on such small prey items, may be 
negated by the energetic requirement for targeting a single prey item.  Numerous 
authors have suggested that the ability of small individuals to utilise higher calorific 
prey items than large individuals will result in high growth rates earlier in the life 
cycle and thereby lead to the rapid attainment of a size that provides both a 
competitive feeding advantage and the reduced risk of predation (Grossman 1980, 
Brown 1985, Wainright and Richard 1995, Lima-Junior and Goitein 2003, Huskey 
and Turingan 2001). 
 
In the case of A. percoides, T. kimberleyensis and G. giurus, the number of food items 
ingested by each of these individual species is roughly comparable between the small 
and large individuals.  However, while the number of food items ingested is similar, 
all of these species show marked differences in the food items consumed by these 
respective size groups.  For example, in the early dry season small A. percoides 
consumed large quantities of small aquatic invertebrates, whereas the diets of large A. 
percoides consisted of ~45% algae, 25% gastropods and 22% ostracods.  In the late 
dry season when the smaller size group of A. percoides had increased from being <40 
mm TL to between 40 and 70 mm TL their diet now not only included smaller aquatic 
invertebrates, but also included a significant proportion of larger aquatic invertebrates 
such as odonatan and coleopteran larvae.  In this season large A. percoides continued 
to ingest relatively large and robust ostracods and were now also consuming a large 
proportion of large odonatan larvae, but were no longer feeding on gastropods or 
filamentous algae to the same extent.  This suggests a progression of diet from small 
aquatic invertebrates to filamentous algae and larger and more robust aquatic 
invertebrates.  This gradual change is indicative of an opportunistic omnivore that can 
optimise its choice of available food resources.  The change to larger prey, such as 
odonatan larvae, and more robust prey, including ostracods and gastropods, is likely 
attributable to an increase in gape size and the development and ossification of 
pharyngeal plates which aid in processing prey with a hard exoskeleton or shell.   
 
The archer fish T. kimberleyensis also exhibited a ‘shift’ in diet from predominantly 
aquatic invertebrates to between 50 and 70% (dependent upon season) terrestrial and 
flying insects.  Despite possessing the ability to spurt water from a very small size 
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only force a low volume of water at a low pressure over a short distance.  Thus, 
transition to terrestrial prey in larger T. kimberleyensis is more likely attributed to the 
power, volume and accuracy of the jet that can be generated by larger fishes, than a 
physical ability for an individual to pass a prey beyond its jaws.   
 
As noted above, G. giurus, like A. percoides and T. kimberleyensis, exhibited a ‘shift’ 
in the diet between small and larger fish.  Small G. giurus consumed a high proportion 
of ostracods, dipteran pupae and aquatic hemipterans.  In contrast, larger G. giurus did 
not consume any ostracods or dipterans pupae, but consumed more aquatic 
hemipterans and also a significant proportion of large aquatic coleopterans, 
orthopterans and fish.  None of these latter taxa were ingested by small G. giurus.  As 
all sizes of G. giurus were captured together, and as the predatory pressure on both 
small and large individuals of the species is likely to be similar, differences in diet are 
presumably attributable to the ability of larger individuals to ingest larger prey items, 
rather than changes in foraging behaviour or habitat utilisation. 
 
7.4.2 Seasonal dietary variation of individual species 
Despite some seasonal variation in prey abundances being reflected in the diets of  
individual species, little data supported the notion that the diets of each species were 
‘narrower’ in times of low productivity.  The results indicated that ‘shifts’ or 
‘replacements’ in the types of prey consumed were often made to ‘functionally’ 
similar prey types, for example, between different types of aquatic larvae, or between 
aquatic hemipterans and  aquatic coleopterans.  The lack of contrast may be attributed 
to the permanence of water in Geikie Gorge, relative stability of the available habitat 
and an apparent ‘richness’ in prey types and abundances.  Much of the variation in 
fish diets is undoubtedly attributable to the hatching of aquatic and terrestrial insect 
larvae, coinciding with the wet season and early dry season (Zaret and Rand 1971, 
Angermeier and Karr 1983, Sumpton and Greenwood 1990, Bunn and Arthington 
2002).  Thus, the majority of species investigated during the current study had broad 
diets, were opportunistic in their feeding habits and showed little ‘real’ change in their 
diets between seasons.  Such a conclusion is consistent with the results of Kennard 
(1995; cited in Pusey et al. 2000), who found little temporal variation in fish diets 
over an eight month monitoring period in the Normanby River, Queensland 
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7.4.3 Seasonal resource partitioning in the Fitzroy River 
A main aim of this Chapter was to test the hypothesis that in times when foods are 
very abundant and readily available such as during the wet season, fish will 
opportunistically consume any of the wide variety of foods present.  Conversely, 
when food becomes very limited, such as during the late dry season, fish will have to 
consume any type of food that is available to them in order to survive.  Thus, in both 
of these seasons one would expect a high degree of dietary overlap between species.  
However, in periods when numerous foods are available but in lower abundance, i.e. 
during the early dry season, it will be energetically more efficient for fish to target 
foods that their feeding morphology and behaviour is particularly well suited to 
processing.  Thus, during this period it will be likely that dietary overlap between 
species will become reduced.  
 
Classification revealed that during the wet season there were four distinct guilds, i.e. 
detritivores (one species), piscivores (one species), terrestrial insectivores (two 
species), with the remaining species consuming a wide range of aquatic invertebrates.  
Furthermore, ANOSIM revealed that no dietary difference existed in ~30% of 
pairwise comparisons of species/size groups.  During the early dry season 
classification revealed that the same four guilds were present, however, the separation 
within species feeding upon aquatic invertebrates was far more distinct.  This was 
reflected in the decrease in the number of significant cases of dietary overlap using 
ANOSIM, i.e. ~20%.  Classification also revealed the presence of the same four 
distinct guilds during the late dry season, however, a distinction also existed between 
fishes consuming detritus to those consuming filamentous algae.  ANOSIM 
additionally indicated that the overall amount of dietary overlap had decreased, with 
no dietary difference between ~26% of pairwise comparisons of species/size groups. 
 
While classification and ANOSIM supported this hypothesis, the magnitude of the 
differences between the seasons was relatively small.  The reasons behind this may be 
attributed to two possible factors.  Firstly, unlike much of the Fitzroy River, Geikie 
Gorge is a relatively stable environment that contains large quantities of water 
throughout the year.  Thus, seasonal differences in its productivity (as noted in the 
preceding section) will be less than in a majority of the catchment.  Secondly, three 
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microdon, and one species is a specialised detrital feeder, i.e. N. erebi.  If these 
species are not considered during pairwise comparisons of dietary overlap, the 
proportions of fishes with similar diets changes considerably.  During the wet season 
there was no discernable difference in ~42% of the pairwise comparisons, which 
reduced to ~25% in the early dry and increased back to ~40% in the late dry.  Thus, if 
species that are highly specialised for a particular diet, i.e. those that are less likely to 
be able to readily change their diets in response to changes in food availability, are 
removed from analysis, comparisons of those species which can respond strongly 
support this hypothesis.  
 
Contention remains as to whether dietary (and resource) overlap of freshwater fish 
communities is highest or lowest in periods of low production, such as tropical late 
dry season (Schoener 1974).  Some argue, for example, that dietary overlap decreases 
in periods of low production in support of the ‘competitive exclusion principle (Zaret 
and Rand 1971, Angermeier and Karr 1983, Pusey and Bradshaw 1996).   
Alternatively, other studies indicate that dietary overlap increases when habitat and 
food resources become limited (Arthington 1992), and thus predators become less 
selective (Blaber 1986).  The current study in some ways supports both theories, as 
the types and amount of foods present and the inclusion or exclusion of specialist 
feeders in analyses has a significant bearing upon the interpretation of data. 
 
7.4.4 Conclusions 
The diets of a majority of freshwater fishes collected from Geikie Gorge in the Fitzroy 
River are broad, and greatly influenced by the seasonal availability in different prey 
types.  Synonymous with the findings of other dietary studies of tropical freshwater 
fishes in Australia, aquatic invertebrates represent a vitally important food source of 
many species present in the Fitzroy River.  
 
If all species are considered, dietary overlap was highest in the wet season due to the 
increased abundance of aquatic invertebrates.  Overlap then decreased in the early dry 
season as fishes became more specialised in their feeding, but subsequently increased 
again in the late wet when food became more limited.  However, the removal of prey 
specialists from analyses and consideration of fishes that can optimise the food 
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dynamics and resource partitioning in variable systems, and highlights the importance 
of visual inspections of large data sets.   
 
In summary: 
1)  The majority of the fishes of the Fitzroy river can be considered to be 
generalist/opportunists feeders that consume a wide range of aquatic 
invertebrates throughout their life; 
2)  Whilst ingesting aquatic invertebrates, some of these opportunists target 
terrestrial insects and/or fish as they become larger; 
3)  In contrast to the majority of species, a smaller group of species can be 
considered specialist detritivores or piscivores; 
4)  Many species showed changes in diet with growth. These changes may 
reflect sharp shifts in diet or a more gradual change and be associated with 
the development of certain feeding structures, general increase in mouth 
gape or a change in habitat utilization; 
5)  Dietary overlap was highest in the wet season (when aquatic invertebrates 
were most abundant), it then decreased in the early dry season as fishes 
became more specialised in their feeding, but subsequently increased again 
in the late wet (when food became more limited); and 
6)  The exclusion of specialists from analyses magnified these temporal 
changes in resource portioning. 
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The trophic relationships of freshwater fishes of the Fitzroy River, 
Western Australia, determined by δ
13C and δ
15N stable isotopes: a 
complement to stomach content analysis. 
 
 
 
8.1 Introduction 
Fish communities of tropical Australian rivers have been shown to differ from those 
of Asia, Africa and South America in which terrestrial plant material and detritus are 
significant direct food sources for numerous species and an abundant and diverse 
piscivorous fauna exist (Lowe-McConnell 1987).  Dietary studies of tropical 
Australian rivers (see for example Arthington 1992, Pusey et al. 1995, 2000, Bishop 
et al. 2001, Morgan et al. 2004, Chapter 7) indicate very few species exclusively 
occupy the top and bottom trophic levels of these systems, but rather that omnivory is 
prevalent, with the majority of freshwater species consuming a broad range of food 
types from multiple trophic levels.   
 
The analysis of a fishes diet through quantification of stomach contents provides an 
indication of the food types recently consumed (‘snapshot’) (Pinnegar and Polunin 
1999).  To obtain an accurate depiction of the overall diet of a species utilising this 
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habits (e.g. as a detritivore, insectivore or piscivore) can only be ascertained when 
diets are inspected over time (at least seasonally) (Jepson and Winemiller 2002).   
However, difficulties often exist when attempting to classify fishes with broad diets, 
those which feed at multiple trophic levels (i.e. omnivores) or those which feed 
opportunistically (Yoshioka and Wada 1994, Jepson and Winemiller 2002).  This 
problem may be compounded by the fact that the presence of a certain food item in a 
stomach does not necessarily indicate it is energetically important to that species (or 
assimilated), and that differences in digestion rates of different food types can lead to 
the over or under-representation of those prey types in the diet (Forsberg et al. 1993, 
Vander Zanden et al. 1997, Pinnegar and Polunin 1999, Melville and Connolly 2003).   
 
In contrast to stomach content analyses, the stable carbon (δ
13C) and nitrogen (δ
15N) 
isotope ratios of a consumer can aid in the depiction of the organic source (primary 
producer of the system) and trophic position of the consumer, respectively, by 
determining those foods actually assimilated into its tissues (DeNiro and Epstein 
1981, Fry and Sherr 1984, Peterson and Fry 1987, Yoshioka and Wada 1994, Post 
2002).  Thus, in cases where dietary analysis reveals a broad range of food types from 
numerous species, stable isotope analysis may be employed to investigate the 
assimilation of ingested food items, assist in the clarification of trophic interactions 
occurring between consumers, identify dietary overlap and trace variations of a 
species diet in response to, for example, seasonal food abundances and ontogenic 
changes (Bunn and Boon 1993, Cocheret de la Morinière et al. 2003). 
  
Analysis of the seasonal dietary data of freshwater fishes of the Fitzroy River 
(Chapter 7) demonstrated the wide dietary breadth of the species present, a lack of 
detritivory and the significance of aquatic and terrestrial insects as direct prey sources.  
Results of Chapter 7 also indicated that dietary overlap was highest in the wet season 
(due to the high diversity and abundance of food), became reduced in the early dry 
season (as fishes began to specialise in food types due to contraction of food 
resources) and increased again in the late dry season (as resources became very 
limited, and opportunistic feeding of available food occurred).  However, results of 
that study could not clarify such aspects as whether filamentous algae was an 
important food source or was incidentally ingested while fish were consuming prey 
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they could not be included in these analyses.  The current chapter therefore aimed to: 
•  Use carbon and nitrogen stable isotope analysis to refine the information 
obtained from seasonal dietary data, and further investigate the trophic 
interactions, seasonal variation, and ontogenic dietary differences of the fishes 
of the Fitzroy River.  The fact that few individual samples are necessary for 
analysis also meant that the trophic position of rarer species (e.g. Strongylura 
krefftii and Hannia greenwayi) and those that were only captured in low 
numbers in some seasons (e.g. Pristis microdon) could be included in the 
analysis. 
•  Determine the energetically important food sources for fishes of the Fitzroy 
River.  For example, is filamentous algae an important food resource for 
fishes? 
•  Test Lima-Junior and Goitein’s (2003) proposal that if possible, juvenile fishes 
should target higher calorific food items (such as aquatic insects over algae) to 
attain higher growth rates and a large size rapidly, in order to achieve 
competitive feeding advantages and reduce the risk of predation.  The capture 
of Nematalosa erebi, an obligate detritivore as an adult but which as a juvenile 
also feeds upon cladocerans and copepods (when present in high numbers) 
provided an ideal opportunity to test this hypothesis. 
•  Further test the hypothesis that there will be a high degree of dietary overlap in 
the wet season, that this overlap will reduce in the early dry season and will 
increase again in the late dry season. 
 
 
8.2 Methods 
8.2.1 Sampling regime 
The fish captured for dietary analyses for Chapter 7 were those used for stable isotope 
analysis in this chapter.  In the case of P. microdon, an endangered species, fin clips 
were taken to provide tissue samples.  While the objective was to collect at least 15 
individual samples of each food web component in each season (to provide three 
replicates of five individuals each), a greater number of individuals was collected if an 
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analysis. 
 
Two gastropod molluscs, a small snail (Pomatiopsidae) and large snail (Hydrobiidae), 
and two bivalve molluscs, the freshwater mussel (Hyriidae) and pea clam 
(Sphraeriidae), were collected from the benthos by hand.  However, collection of the 
latter species was unattainable in the wet season due to a thick layer of silt covering 
the benthos.  While every effort was made to collect aquatic and terrestrial insect 
samples in each season, sufficient quantities of the most prevalent terrestrial and 
aquatic insects could only be collected in the wet and late dry seasons.  Terrestrial 
orthoptera (grasshoppers; Acrididae) were captured with a butterfly net, and aquatic 
hemipterans (water strider; Gerridae) captured with a scoop net.  Cherabin 
Macrobrachium rosenbergii were also collected with baited opera house-style traps, 
seine nets and throw nets. 
 
Leaves from the most conspicuous riparian plant species in Geikie Gorge (and 
common throughout the Fitzroy River catchment), i.e. grass, pandanus Pandanus 
aquaticus, river gum Eucalyptus camaldulensis, silver cadjeput Melaleuca argentea 
and the freshwater mangrove Barringtonia acutangula were collected by hand.   
Filamentous algae was collected in the same manner, however, it could not be 
collected in the wet season due to its concealment by silt.  A seasonally abundant 
aquatic macrophyte was also collected in the late dry season.  Three, five centimetre 
sediment cores were also collected in each season. 
 
Samples were placed into separate bags and placed on ice until they could be frozen.  
Due to the logistics involved in transporting large numbers of samples from this 
remote area, tissue samples from larger fishes, e.g. the bull shark C. leucas and 
barramundi Lates calcarifer, were collected and frozen. 
 
8.2.2 Sample preparation 
All animal and plant samples were rinsed in distilled water.  White muscle is less 
variable in δ
13C and δ
15N than other tissues (Tieszen et al. 1983, Pinnegar and Poulin 
1999) and was carefully removed from fishes, eliminating as much bone, skin and red 
muscle as possible.  Similarly, skin and cartilage were excluded from fin clips of P. 
  99microdon.  Where dietary analysis (Chapter 7) indicated that a significant difference 
existed between juvenile and adults of a species, these categories were analysed 
separately for that species.  Therefore, equal quantities of muscle tissue from between 
nine and fifteen randomly selected individual fishes of each species (and size) were 
collected, and evenly divided into three replicates for each season.  Where fewer than 
nine individuals were collected per species, muscle samples were combined and 
divided into three pseudo-replicates (as per Beatty et al. 2005).   
 
Abdominal tissue (carapace and intestine removed) was removed from 15 M. 
rosenbergii  and assigned into three replicates per season.  Muscle flesh of each 
mollusc was removed, and randomly assigned to one of the three replicates of each 
season.  Between 10 and 20 individuals (depending on size) were included in each 
replicate in each season, respectively.  Muscle tissue was also obtained from the hind 
legs of approximately 20 orthopterans collected in the wet season.  This quantity, 
however, was only sufficient for a single sample.  At least 30 aquatic hemipterans 
were included in each replicate and macerated.  Muscle tissue from all invertebrates 
was placed in 1 M HCl for 24 hours (for 48 hours in the case of whole aquatic 
hemipterans) to remove inorganic carbonates, and thoroughly rinsed with distilled 
water prior to drying.  
 
Leaf samples of each terrestrial vegetation type collected in each season were divided 
into three replicates, and the woody petiole removed from the leaf to aid in drying and 
grinding.  Three replicates (of five individual samples each) of both benthic algae and 
aquatic macrophyte (for each season present) were also assembled.  Each of the three 
sediment core samples collected in each season, were rinsed several times through a 
150 µm sieve in order to collect organic detrital samples.  Large detrital material was 
collected from the sieve and rinsed several times to provide coarse particulate organic 
matter (CPOM) samples.  The fine material which passed through the sieve was 
washed and decanted several times with distilled water and collected to provide 
samples of fine particulate organic matter (FPOM).  All samples were dried at 60
oC 
for 48 hours, and subsequently ground to a fine powder with a mortar and pestle.   
 
  1008.2.3 Analysis of δ
13C and δ
15N  
Between 2 and.2.5 mg of each animal tissue sample, 3 to 6 mg of each plant tissue 
sample and 20 to 50mg of each particulate organic matter sample were placed in a 
capsule, combusted and analysed using a Tracermass Iron Ratio Mass Spectrometer 
(Europa PDZ, UK) fitted with a Roboprep combustion system to oxidize the samples.  
The ratios of δ
13C:δ
12C and δ
15N:δ
14N are subsequently presented as the relative part 
per thousand (‰) difference between the signatures of the sample and that of the 
international standards of Pee Dee Belemite for δ
13C and atmospheric nitrogen for 
δ
15N.  The means of each sample category are presented (± 0.01 s.e.). 
 
8.2.4 Trophic position 
To reflect trophic position, the mean δ
15N and δ
13C (‰) ratio of each sample analysed 
was plotted in each season.  On the basis of stomach content analysis (Chapter 7) and 
current literature (for example Bishop et al. 2001 and Allen et al. 2002), each fish 
species was categorised as being a piscivore, aquatic or terrestrial insectivore or 
detritivore/algivore, and assigned a corresponding colour code (Figure 8.1).  As some 
of the terrestrial and aquatic invertebrates were only able to be collected in a single 
season, their δ
13C and δ
15N signatures calculated for that season were also used in 
food web analyses in other seasons.  In the case of the pea clam, which was deeply 
buried in silt during the wet season, values were not included in analyses as it was 
considered to be unavailable to fish. 
 
Fish: Insectivore (aquatic)
Fish: Insectivore (terrestrial)
Fish: Detritivore/Algivore
Crustacean
Insect 
Mollusc 
Aquatic vegetation
Terrestrial vegetation
Particulate organic matter
Fish: Piscivore
 
Figure 8.1 Colour code indicating the dietary classifications of fishes collected in the 
Fitzroy River, and other food web categories used for isotope analysis. 
 
The relative trophic positions of fishes to base level primary producers, and potential 
food types were also estimated using the following formula (Post 2002): 
TLsc = 1 + δ
15Nsc- δ
15Nbase / ∆n
  101where TLsc is the trophic level of the consumer, δ
15Nsc is the mean stable nitrogen 
ratio (‰), δ
15Nbase  is the mean stable nitrogen ratio (‰) of the base of the food web, 
i.e. the overall mean δ
15N signature of the primary producers (aquatic and terrestrial) 
collected in each season, respectively, and ∆n is the mean enrichment (‰) between 
trophic levels.  During this study, a mean enrichment of 2.54‰ was used, in 
accordance with the recent meta-analysis of 134 estimates by Vanderklift and Ponsard 
(2003).  
 
8.2.5 IsoSource mixing model 
The isotopic signature of a consumer is rarely dependent upon the consumption of a 
single food source.  Stomach content analysis revealed that diets of freshwater fishes 
from the Fitzroy River were broad, and commonly contained multiple taxa from 
different trophic levels.  The isotopic signature of a consumer is therefore a mixture, 
and dependent upon the proportionate contributions of each food type (Fry and Sherr 
1984).  Mixing models are subsequently employed in an attempt to identify the 
contributing factors of the consumers isotopic signature, however, many have 
previously been limited in their application due to the fact they could only estimate 
contributions of n+1 sources (where n is the number of isotopic tracers) (Phillips 
2001).  Furthermore, in systems where a high number of food sources exist, a 
common assumption of these models is that source signatures closest to the mixture 
signature provide the greatest contribution, and subsequently do not recognise the 
contribution of distal sources (Phillips and Gregg 2003).   
 
In contrast to previous mixing models, the method of Phillips and Gregg (2003), 
employed during this study, considers all the possible combinations of contributing 
sources of the mixture, by examining these proportions in small increments summed 
to 100%.  As explained by these authors, “combinations that sum to the mixture 
isotopic signatures within a small tolerance (known as the ‘mass balance tolerance’) 
are considered feasible solutions”.  The number of potential source combinations is 
therefore dependent upon the number of sources examined, and the magnitude of the 
increment used.  In light of the relatively large number of potential food sources for 
each of the fishes analysed, a relatively large increment of 2.5‰ (an accepted level of 
precision in determining the ranges of source contribution (Phillips and Gregg 2003)) 
was used to avoid impractical levels of computation.  The mass balance tolerance was 
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was achieved.  However, this upward adjustment reduces the precision of the 
computation, and while not altering the medians in feasible distributions, increases the 
range of the distributions (Phillips and Gregg 2003).   
 
Potential food sources of each fish species collected from the Fitzroy River were 
primarily selected on the basis of dietary analysis (Chapter 7), however, inclusion of 
additional food sources was based on other dietary studies of these species and other 
members of the relevant genera (including Bishop et al. 2001, Allen et al. 2002).  
Although dietary analysis indicated the importance of a wide variety of both aquatic 
and terrestrial insects as prey, few samples were collected.  While it was not assumed 
during this study that the signature of the aquatic hemipteran and terrestrial orthoptera 
collected typifies the isotopic signature of all aquatic and terrestrial insects, 
respectively, the results of IsoSource may still be used to make inferences about the 
feeding habits of insectivorous fish species.  Thus, the mean δ
13C and δ
15N signatures 
of each fish species was analysed using IsoSource in order to identify the relative 
portions of the potential food types assimilated by the consumer, which are   
represented by the distribution of feasible solutions (represented by the 1-99
th 
percentiles) (Phillips and Gregg 2003).  
 
 
8.3 Results 
8.3.1 Seasonal δ
13C and δ
15N signatures and trophic position 
Teleost fishes were found to be more enriched in δ
15N than invertebrates, primary 
producers and detrital fractions in all seasons (Figures 8.1, 8.2 and 8.3).  However, 
this was not the case with δ
13C, with signatures of primary producers and organic 
matter often higher than that of consumers.  Despite this, fishes were generally more 
enriched in both δ
15N and δ
13C than molluscs.  Pristis microdon, C. leucas and L. 
calcarifer consistently occupied the highest trophic positions indicating their status as 
top order consumers and confirming their piscivorous diets. 
 
The variation in δ
15N and δ
13C values of insectivorous fishes in each season, provide a 
further indication of the seasonal variability in food sources, and dependency by 
fishes upon them.  For example, δ
15N signatures of a number of insectivores were 
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Figure 8.2 The isotopic composition (δ13C and δ15N) (‰) of the different fish, insects, molluscs, vegetation and 
organic matter samples collected from the Fitzroy River during the early dry season.2 Pomatiopsidae (small snail)
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Figure 8.3 The isotopic composition (δ13C and δ15N) (‰) of the different fish, insects, molluscs, vegetation and 
organic matter samples collected from the Fitzroy River during the late dry season.lower in the late dry season than in the wet or early dry season.  Furthermore, this 
feeding guild experienced greater variability in δ
13C and δ
15N signatures than 
piscivores, terrestrial insectivores and detritivores.   
 
δ
13C and δ
15N analysis provided some clarification of the feeding habits of several 
species.  For example, despite Elops hawaiensis and Megalops cyprinoides being 
often considered insectivorous, analysis indicated δ
15N values closer to that of a 
piscivores diet.  Similarly, Hephaestus jenkinsi and Hannia greenwayi, which were 
considered to be detritivore/algivore from stomach content analysis, had δ
15N values 
closer to and indeed above that of insectivorous fishes, indicating a greater importance 
in higher order prey types such as invertebrates and/or fishes, than the algae 
consumed.  Stomach content analysis revealed the consumption of cladocerans by 
small Nematalosa erebi (<100 mm TL) in the early dry season rather than detritus.  
The assimilation of a higher order prey source in the tissues determined by isotopic 
analyses indicated the importance of cladocerans in the diet and growth of small N. 
erebi. 
 
Of particular interest in relation to the trophic structure in the Fitzroy River between 
seasons, is the fact that the difference in TLsc between consumers occupying the 
bottom and top trophic level is far less (contracted) in the wet season (0.56), than in 
the early (2.89) and late dry (2.61) seasons (Table 8.1).  The elasmobranchs C. leucas 
and P. microdon consistently occupied the highest trophic levels in all three seasons, 
as did the other species considered to be piscivores, in particular L. calcarifer and 
Strongylura kreffti. 
 
8.3.2 Assimilation of food sources in fishes of the Fitzroy River 
Investigations of the literature led to a large number of the fish species collected from 
the Fitzroy River being considered insectivores prior to analysis.  Stomach content 
analysis (Chapter 7) indicated that this was indeed the case for Ambassis  sp. 1, 
Amniataba percoides,  Leiopotherapon unicolor,  Glossamia aprion,  Toxotes 
kimberleyensis,  Oxyeleotris selheimi and Glossogobius giurus.  However, while 
IsoSource confirmed the prevalence of insects in the diets of these fishes, isotope 
analysis also indicated that fishes and M. rosenbergii, although less frequently 
ingested (see Chapter 7) were equally, if not more, important than insects in terms of 
  104Table 8.1 Estimation of the trophic level (TLSC) of consumer species collected from the 
Fitzroy River during the wet, early dry and late dry seasons.  
 
  Wet Season  Early Dry Season  Late Dry Season 
  Mean δ
15Nbase = 4.94  Mean δ
15Nbase = 4.42  Mean δ
15Nbase = 3.05 
Consumer  δ
15NSC TLSC δ
15NSC TLSC δ
15NSC TLSC
Elasmobranch         
C. leucas  13.09  2.04 13.19 4.45 12.48 4.71 
P. microdon  11.46  1.91 12.66 4.24 12.51 4.73 
Teleost         
N. erebi <100  10.47  1.83 11.28 3.70 -  - 
N. erebi >100  8.55  1.68 7.88 2.36 8.84 3.28 
E. hawaiensis  11.22  1.89 12.92 4.35 -  - 
M. cyprinoides  11.46  1.91 -  - 12.69  4.79 
A. graeffei <150  10.37  1.83 10.91 3.55 -  - 
A. graeffei >150  -  - 11.28  3.70 11.23 4.22 
A. dahli  9.82  1.78 -  - - - 
N. hyrtlii  8.35  1.67 -  - - - 
S. kreffti  -  - 13.21  4.46 10.83 4.06 
M. australis  10.16  1.81 10.93 3.56 9.13 3.39 
C. lentiginosus  10.43  1.83 10.45 3.37 8.53 3.16 
Ambassis sp.1  10.42  1.83 10.56 3.42 8.45 3.13 
L. calcarifer  11.17  1.89 11.76 3.89 11.97 4.51 
A. percoides <40  -  - 10.19  3.27 9.69 3.61 
A. percoides >40  10.04  1.80 10.95 3.57 10.90 4.09 
H. greenwayi  -  - 11.20  3.67 -  - 
H. jenkinsi  9.82  1.78 11.72 3.87 10.19 3.81 
L. unicolor  10.71  1.85 10.65 3.45 9.17 3.41 
G. aprion  9.68  1.77 11.17 3.65 8.63 3.20 
T. kimberleyensis <50  10.46  1.83 -  - 8.53  3.16 
T. kimberleyensis >50  10.37  1.83 10.97 3.58 10.78 4.04 
O. selheimi  9.50  1.76 -  - - - 
G. giurus <70  10.46  1.83 9.12 2.85 8.07 2.98 
G. giurus >70  10.04  1.80 -  - - - 
Crustacean         
M. rosenbergii (cherabin)  9.39  1.75 10.23 3.28 9.47 3.53 
Mollusc         
(F) Hyriidae (mussel)  7.52  1.60 9.07 2.83 6.58 2.39 
(F) Pomatiopsidae (sm snail)  6.08  1.48 6.09 1.66 6.98 2.54 
(F) Hydrobiidae (lg snail)  6.85  1.55 5.86 1.57 7.00 2.55 
(F) Sphaeriidae (pea clam)  -  - 8.47  2.59 6.68 2.43 
Insect         
(F) Gerridae (water strider)   -  - - - 6.05  2.18 
(F) Acrididae (grass hopper)   7.99  1.64 -  - - - 
 
 the energy that they provided to these fish (Table 8.2).  This was also the case in some 
seasons for Elops hawaiensis and  M. cyprinoides which are generally considered 
insectivorous.  For example, while terrestrial orthoptera appeared to be the main food 
source of E. hawaiensis in the wet season, the fishes C. lentiginosus and small N. 
erebi (<100 mm TL) appeared to be the most important prey in the early dry season.  
These latter prey species plus Ambassis sp. 1, were apparently also the main source of 
energy to M. cyprinoides in the wet season, while larger N. erebi appeared to provide 
this energy in the late dry.  Indeed, they provide between 55 and 95% of the energy to 
the species in that season. 
 
Despite vast quantities of filamentous algae being recorded from the diets of N. erebi 
>100 mm TL, IsoSource indicated that molluscs may be of much greater importance 
in the diet of this species than indicated by stomach contents analysis.  A similar 
situation is also apparent for small N. erebi, H. jenkinsi or H. greenwayi.  The energy 
assimilated by the first of these species is apparently derived from aquatic 
invertebrates, whereas in the other two species, much of their energy is derived from 
fishes. 
 
IsoSource also indicated seasonal shifts between energetically favorable food types.  
For example, while insects (terrestrial) were the most important food source of small 
A. graeffei (<150 mm TL) in the wet season, fishes (C. lentiginosus and G. giurus <70 
mm TL) and Macrobrachium rosenbergii were also assimilated.  In contrast, insects 
appeared less important in the diet of small A. graeffei in the early dry season, when a 
greater proportion of fishes, in particular small N. erebi, C. lentiginosus and G. giurus 
(<70 mm TL), were consumed  
 
Stomach content analysis (Chapter 7) indicated that N. erebi and A. graeffei were 
important prey for the piscivorous C. leucas, P. microdon and L. calcarifer.  Although 
the current study supported this finding for the latter species, IsoSource suggested that 
P. microdon is the most energetically important prey source of C. leucas in all 
seasons.   
 
 
  105Table 8.2 Feasible proportions (1
st percentile, mean and 99
th percentile) of food sources 
(determined by IsoSource) contributing to the diet of 26 fish species captured in the Fitzroy 
River during the wet, early and late dry seasons.  Potential food sources for each species were 
primarily determined from dietary analysis of fishes from the Fitzroy River (Chapter 7), Bishop 
et al. 2001 and Allen et al. 2002.   
 
    Wet season  Early dry season  Late dry season 
Consumer Food  sources  1
st mean 99
th 1
st mean 99
th 1
st mean 99
th
C. leucas  P. microdon  0.60 0.78 0.95  0  0.96 1.00  0.25 0.72 0.98 
 N.  erebi <100  0  0.04  0.13  0  0 0  - - - 
 N.  erebi >100  0  0.02  0.08  0  0.01 0.03  0  0.01 0.03 
 A.  graeffei <150  0  0.12  0.30  0  0.01 0.03  -  -  - 
 A.  graeffei  >150  - - -  0  0.03 0.10  0  0.26 0.73 
 L.  calcarifer 0  0.06  0.20  0  0.01 0.05  0  0.01 0.05 
P. microdon  N. erebi <100  0  0.06 0.20  0  0  0  - - - 
 N.  erebi >100  0  0.03 0.13  0  0  0  0 0.02  0.08 
 A.  graeffei <150  0.43  0.68  0.88  0  0  0  - - - 
 A.  graeffei  >150  -  -  -  0.93 0.94 0.95  0.90 0.95 1.00 
 M.  rosenbergii  0 0.10  0.40  0  0  0  0 0.03  0.10 
  (F) Pomatiopsidae (sm  snail)  0  0.3  0.13  0  0  0  0  0.01  0.05 
  (F) Sphaeriidae (pea clam) - - -  0 0 0  0  0.01  0.03 
  Algae  - - -  0.05  0.06  0.08  0  0.00  0.03 
 FPOM  0  0.01  0.08  0  0  0  0  0.00  0.03 
 CPOM  0  0.02  0.08  0  0  0  0  0.00  0.03 
N. erebi <100  (F) Pomatiopsidae (sm  snail)  0  0.54  0.55  0  0.03  0.08  -  -  - 
  (F) Sphaeriidae (pea clam) - - -  0.93  0.93  0.95  - - - 
  (F) Gerridae (water strider)  0  0.45 0.98  0  0.42 0.08  -  -  - 
 Algae** 0  0.01  0.03  0  0  0  -  -  - 
  M. argentea (silver cadjeput)  0  0.01  0.03  0  0  0  -  -  - 
 FPOM  0  0.01  0.03  0  0  0  -  -  - 
 CPOM  0  0.01  0.03  0  0  0  -  -  - 
N. erebi >100  (F) Pomatiopsidae (sm  snail)  0.80  0.89 0.96  0.03 0.64 0.98  0.88 0.95 1.00 
  (F) Sphaeriidae (pea clam)  - - -  0  0.18  0.50  0  0.00  0.03 
  Algae**  0  0.02 0.03  0  0.15 0.45  0  0.01 0.03 
 M.  argentea (silver cadjeput)  0  0.06  0.03 0  0.01  0.05 0  0.00  0.03 
  FPOM 0  0.02  0.08  0  0.01 0.08  0  0.01 0.03 
  CPOM  0  0.04 0.04  0  0.02 0.08  0  0.014  0.05 
E. hawaiensis  N. erebi  <100  0  0.01 0.05  0.03 0.46 0.70  -  -  - 
 N.  erebi  >100  0  0.01 0.03  0  0.05 0.20  -  -  - 
 C.  lentiginosus  0  0.04 0.13  0  0.27 0.80  -  -  - 
  (F) Gerridae (water strider)    0  0.02 0.08  0  0.02 0.10  -  -  - 
  (F) Acrididae (grasshopper)   0.85 0.92 0.98  0.10 0.20 0.33  -  -  - 
  Algae  - - -  0  0.01  0.08  - - - 
  FPOM  0  0.02 0.05  0  0.01 0.05  -  -  - 
M. cyprinoides  N. erebi  <100  0  0.37  0.83  - - -  - - - 
 N.  erebi  >100  0  0.06 0.20  -  -  -  0.55 0.78 0.95 
 C.  lentiginosus  0 0.27  0.78  -  -  -  0 0.10  0.10 
 Ambassis sp.1  0  0.22  0.65  -  -  -  0  0.08  0.08 
  (F) Hyriidae (mussel)  0  0.04  0.13  -  -  -  0  0.01  0.01 
  (F) Sphaeriidae (pea clam) - - -  - - -  0  0.01  0.01 
  (F) Gerridae (water strider)   0  0.02  0.08  -  -  -  0  0.01  0.03 
  (F) Acrididae (grasshopper)   0 0.03  0.15  -  -  -  0 0.03  0.04 
A. graeffei <150  N. erebi  <100  0  0.04  0.18 0.28 0.603 0.85  -  -  - 
 C.  lentiginosus  0  0.13 0.43  0  0.14 0.55  -  -  - 
 G.  giurus <70  0  0.17 0.53  0  0.10 0.43  -  -  - 
 M.  rosenbergii  0  0.13 0.48  0  0.03 0.15  -  -  - 
  (F) Pomatiopsidae (sm  snail)  0  0.03  0.13  0  0.05  0.02  -  -  - 
  (F) Gerridae (water strider)   0  0.04 0.15  0  0.02 0.13  -  -  - 
  (F) Acrididae (grasshopper)   0.25 0.45 0.70  0  0.02 0.08  -  -  - 
  Algae  - - -  0  0.01  0.08  - - - 
  CPOM  0  0.03 0.13  0  0.04 0.18  -  -  - (Cont.)               
Consumer Food  sources  1
st mean 99
th 1
st mean 99
th 1
st mean 99
th
A. graeffei >150  N. erebi  <100  - - -  0  0.04  0.15  - - - 
  C. lentiginosus  - - -  0  0.04  0.15  0  0.07  0.30 
 G.  giurus <70  - - -  0  0.02  0.10  0  0.04  0.18 
 M.  rosenbergii  -  -  -  0.10 0.34 0.53  0.08 0.25 0.43 
  (F) Pomatiopsidae (sm  snail)  -  -  -  0  0.07  0.05  0  0.01  0.08 
  (F) Gerridae (water strider)   - - -  0  0.01  0.08  0  0.02  0.08 
  (F) Acrididae (grasshopper)   -  -  -  0  0.55 0.70  0.48 0.60 0.75 
  Algae  - - -  0  0.01  0.05  0  0.01  0.05 
  CPOM  - - -  0  0.00  0.03  0  0.08  0.05 
A. dahli  (F) Hyriidae (mussel)  0.10  0.17  0.25  -  -  -  -  -  - 
  (F) Pomatiopsidae (sm  snail)  0  0.06  0.25  -  -  -  -  -  - 
  (F) Gerridae (water strider)   0.55  0.71  0.85  -  -  -  -  -  - 
  Algae**  0  0.04  0.15  - - -  - - - 
  M. argentea (silver cadjeput)  0  0.01  0.05  -  -  -  -  -  - 
  FPOM  0  0.01  0.05  - - -  - - - 
  CPOM  0  0.01  0.08  - - -  - - - 
N. hyrtlii  (F) Hyriidae (mussel)  0  0.09  0.07  -  -  -  -  -  - 
  (F) Pomatiopsidae (sm  snail)  0  0.29  0.22  -  -  -  -  -  - 
  (F) Gerridae (water strider)  0.05  0.55  0.93  -  -  -  -  -  - 
  Algae**  0  0.06  0.05  - - -  - - - 
  FPOM  0  0.02  0.02  - - -  - - - 
S. kreffti  N. erebi  <100  - - -  0.43  0.78  0.95  - - - 
 N.  erebi  >100  - - -  0  0.03  0.13  0.98  0.99  1.00 
 C.  lentiginosus  - - -  0  0.15  0.55  0  0.02  0.03 
  (F) Gerridae (water strider)   -  -  -  0  0.02  0.08  0  0  0 
  (F) Acrididae (grasshopper)   -  -  -  0  0.03  0.13  0  0  0 
  Algae  - - -  0  0.01  0.05  0 0 0 
M. australis  (F) Gerridae (water strider)   0  0.12 0.38  0.73 0.87 0.98  0.60 0.76 0.93 
  (F) Acrididae (grasshopper)   0.6  0.81 0.98  0  0.06 0.13  0.05 0.18 0.04 
  Algae  - - -  0 0 0  0  0.01  0.01 
 FPOM  0  0.03  0.10  0  0  0  0  0.02  0.02 
 CPOM  0  0.05  0.18  0.03 0.08 0.15  0  0.05 0.05 
C. lentiginosus  (F) Pomatiopsidae (sm  snail)  0  0.00 0.03  0  0.04 0.15  0  0.30 0.70 
  (F) Sphaeriidae (pea clam)  - - -  0.48  0.66  0.78  0  0.23  0.55 
  (F) Gerridae (water strider)   0  0.01 0.03  0  0.04 0.15  0  0.05 0.23 
  (F) Acrididae (grasshopper)   0.98  0.99 1.00  0.10 0.26 0.48  0.20 0.39 0.53 
  Algae  - - -  0  0.01  0.05  0  0.01  0.05 
  FPOM  0  0  0  0 0.01  0.05  0 0.01  0.05 
  CPOM  0  0  0  0 0.01  0.05  0 0.02  0.10 
Ambassis sp.1  C. lentiginosus  0.73 0.78 0.83  0.78 0.89 0.98  0.03 0.06 0.10 
 M.  rosenbergii  0  0.06 0.13  0  0.07 0.20  0.90 0.94 0.98 
  (F) Gerridae (water strider)   0  0  0  0  0.02  0.08  0  0  0 
  (F) Acrididae (grasshopper)   0.15 0.17 0.20  0  0.02 0.08  0  0  0 
  Algae  - - -  0  0.01  0.05  0 0 0 
  CPOM  0 0 0  0  0.01  0.05  0 0 0 
L. calcarifer  N. erebi  <100  0.35 0.58 0.80  0  0.07 0.20  -  -  - 
 N.  erebi  >100  0  0.04 0.13  0  0.04 0.13  0  0.21 0.14 
 A.  graeffei  <150  0.05 0.29 0.53  0  0.15 0.48  -  -  - 
 A.  graeffei  >150  -  -  -  0.43 0.63 0.83  0.30 0.48 0.07 
 M.  rosenbergii  0  0.09 0.25  0  0.12 0.40  0  0.32 0.68 
A. percoides <40  C. lentiginosus  -  -  -  0.28 0.60 0.88  0.38 0.72 0.93 
 G.  giurus  <70  - - -  0  0.16  0.60  0  0.15  0.55 
  (F) Pomatiopsidae (sm  snail)  -  -  -  0  0.04  0.18  0  0.04  0.15 
  (F) Sphaeriidae (pea clam)  - - -  0  0.12  0.33  0  0.04  0.13 
  (F) Gerridae (water strider)    - - -  0  0.03  0.15  0  0.02  0.08 
  (F) Acrididae (grasshopper)   - - -  0  0.04  0.15  0  0.04  0.13 
  Algae  - - -  0  0.01  0.08  0  0.00  0.03 
  FPOM  - - -  0  0.01  0.08  0  0.00  0.03 
               
               (Cont.)  
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st mean 99
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A. percoides >40  C. lentiginosus  0 0.18  0.50  0.73  0.83  0.90  0.73 0.87 0.98 
 G.  giurus  <70  0  0.34 0.63  0  0.05 0.18  0  0.06 0.25 
  (F) Pomatiopsidae (sm  snail)  0  0.01 0.05  0  0.01 0.05  0  0.01 0.05 
  (F) Sphaeriidae (pea clam)  - - -  0  0.01  0.05  0  0.01  0.05 
  (F) Gerridae (water strider)   0  0.01 0.08  0  0.01 0.08  0  0.01 0.03 
  (F) Acrididae (grasshopper)   0.35  0.45 0.55  0.03 0.10 0.18  0  0.05 0.20 
  Algae**  0  0.01 0.03  0  0.01 0.05  0  0  0 
  FPOM  0  0.01 0.05  0  0.00 0.03  0  0  0 
H. greenwayi  N. erebi  <100  - - -  0.80  0.80  0.80  - - - 
 C.  lentiginosus  - - -  0 0 0  - - - 
  (F) Gerridae (water strider)   -  -  -  0  0  0  -  -  - 
  Algae  - - -  0 0 0  - - - 
  E. camaldulensis (river gum)  -  -  -  .03  .04  .05  -  -  - 
  M. argentea (silver cadjeput)  -  -  -  0.15  0.16  0.18  -  -  - 
  P. aquaticus  (pandanus)  - - -  0 0 0  - - - 
  FPOM  - - -  0 0 0  - - - 
  CPOM  - - -  0 0 0  - - - 
H. jenkinsi  N. erebi  <100  0  0.31 0.73  0.03 0.41 0.75  -  -  - 
 N.  erebi >100  0  0.28  0.68  0  0.04 0.18  0.55 0.83 0.98 
 A.graeffei  <150  0  0.07 0.28  0  0.27 0.63  -  -  - 
 C.  lentiginosus  0  0.13 0.45  0  0.18 0.68  0  0.12 0.43 
  (F) Sphaeriidae (pea clam)  - - -  0  0.04  0.18  0  0.01  0.05 
  (F) Gerridae (water strider)   0  0.06 0.25  0  0.02 0.10  0  0.01 0.03 
  (F) Acrididae (grasshopper)   0  0.05 0.23  0  0.04 0.18  0  0.04 0.15 
  Algae**  0  0.02 0.10  0  0.01 0.08  0  0  0 
 M.  argentea (silver cadjeput)  0  0.06  0.20  0  0.01  0.08  0  0  0 
  CPOM  0  0.04 0.18  0  0.01 0.08  0  0.00 0.03 
L. unicolor  N. erebi  <100  0  0.00 0.03  0  0.12 0.38  -  -  - 
 C.  lentiginosus  0  0.06 0.23  0  0.12 0.43  0  0.08 0.33 
 G.  giurus <70  0.05  0.26  0.40  0  0.07 0.28  0  0.04 0.18 
 M.  rosenbergii  0  0.03 0.10  0  0.41 0.78  0.43 0.62 0.78 
  (F) Pomatiopsidae (sm  snail)  0  0  0  0  0.03  0.15  0  0.02  0.08 
  (F) Gerridae (water strider)   0  0  0  0 0.05  0.20  0 0.02  0.08 
  (F) Acrididae (grasshopper)   0.48  0.65 0.70  0  0.19 0.48  0.10 0.23 0.33 
  Algae**  0  0.01 0.05  0  0.03 0.13  0  0.01 0.08 
G. aprion  N. erebi  <100  0  0.17 0.48  0  0.32 0.70  -  -  -` 
  C. lentiginosus  0.05 0.54 0.88  0  0.25 0.78  0  0.22 0.73 
  A. percoides  <40  - - -  0  0.22  0.75  0  0.28  0.78 
  (F) Sphaeriidae (pea clam)  - - -  0  0.05  0.20  0  0.26  0.58 
  (F) Gerridae (water strider)   0  0.08 0.23  0  0.05 0.20  0  0.11 0.40 
  (F) Acrididae (grasshopper)   0  0.22 0.48  0  0.10 0.30  0  0.09 0.35 
  Algae  - - -  0  0.03  0.13  0  0.04  0.15 
T. kimberleyensis <50  Ambassis sp.1  0  0.43  0.75  -  -  -  0  0.20  0.60 
 M.  rosenbergii  0 0.34  0.90  -  -  -  0 0.35  0.68 
  (F) Pomatiopsidae (sm  snail)  0 0.12  0.28  -  -  -  0 0.09  0.28 
  (F) Gerridae (water strider)  0  0.08  0.28  -  -  - 0  0.10  0.33 
  (F) Acrididae (grasshopper)   0  0.03 0.13  -  -  -  0.10 0.27 0.40 
T. kimberleyensis >50  Ambassis  sp.1  0.63 0.82 0.98  0  0.03 0.10  0  0.08 0.30 
 M.  rosenbergii  0 0.08  0.28  0.55  0.66  0.73  0.48 0.64 0.80 
  (F) Pomatiopsidae (sm  snail)  0  0.01 0.05  0  0.00 0.03  0  0.03 0.13 
  (F) Gerridae (water strider)   0  0.01 0.05  0  0.01 0.03  0  0.03 0.13 
  (F) Acrididae (grasshopper)   0  0.10 0.20  0.28 0.31 0.35  0.10 0.23 0.40 
O. selheimi  N. erebi  <100  0  0.01  0.08  - - -  - - - 
 N.  erebi >100  0  0.01  0.05  - - -  - - - 
 C.  lentiginosus  0  0.09  0.35  - - -  - - - 
 Ambassis  sp.1  0.10  0.55  0.88  - - -  - - - 
 G.  giurus  <70  0  0.18  0.73  - - -  - - - 
  M. rosenbergii  0  0.13  0.53  - - -  - - - 
  (F) Pomatiopsidae (sm  snail)  0  0.02  0.08  -  -  -  -  -  - 
  (F) Gerridae (water strider)   0  0.03  0.13  -  -  -  -  -  - (Cont.)               
Consumer Food  sources  1
st mean 99
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G. giurus <70  N. erebi  <100  0  0.04 0.13  0.03 0.43 0.73  -  -  - 
 C.  lentiginosus  0.40 0.72 0.95  0  0.09 0.35  0  0.19 0.70 
 A.  percoides <40  - - -  0  0.24  0.78  0  0.15  0.50 
 G.  aprion  0  0.16 0.55  0  0.01 0.08  0.05 0.53 0.88 
  (F) Gerridae (water strider)   0  0.01 0.08  0  0.19 0.33  0  0.11 0.28 
  (F) Acrididae (grasshopper)   0  0.07 0.18  0  0.02 0.03  0  0.02 0.10 
  Algae  - - -  0  0.05  0.18  0  0.02  0.05 
G. giurus >70  N. erebi  <100  0  0.08  0.28  - - -  - - - 
 C.  lentiginosus  0.03  0.48  0.88  - - -  - - - 
 G.  aprion  0  0.28  0.88  - - -  - - - 
  (F) Gerridae (water strider)   0  0.04  0.15  -  -  -  -  -  - 
  (F) Acrididae (grasshopper)   0  0.13  0.33  -  -  -  -  -  - 
 
**Despite no filamentous algae being collected during the wet season, the isotopic signature of filamentous algae 
collected in the early dry season was substituted for use in IsoSource analysis, for those species where algae was 
recognised as a significant dietary prey item. 
 8.4 Discussion 
8.4.1 Energetically important food sources of the fishes of the Fitzroy River: 
Comparison of stomach contents analysis and stable isotope analysis. 
The Fitzroy River is considered ‘rich’ in terms of its fish diversity (Morgan et al. 
2004a).  The permanence of deep water throughout the year, extensive shallow littoral 
zones and dense riparian vegetation present in Geikie Gorge undoubtedly contribute 
to the abundant and diverse range of food types present.   
 
Despite the widespread consumption of algae, IsoSource suggested that energetically, 
this food source was of a lesser importance than would be assumed from the large 
quantities ingested by many of the fishes.  For example, the results of stomach content 
analysis (Chapter 7) and literature (see for example Bishop et al. 2001, Allen et al. 
2002) suggested N. erebi to be a detritivore/algivores however, IsoSource indicated 
that pea clams were a very important source of assimilated energy.  As small molluscs 
were rarely found in the diets of N. erebi, it is possible that epiphytic micro-
invertebrates present on the filamentous algae have a signature close to that of pea 
clams, and it is these epiphytic algae that provide energy to N. erebi, and other 
apparent algal feeders.  Support for this notion that algae is less energetically 
important in the diets of these species, is provided by isotopic studies on the Ord 
River, Western Australia.  Similar to the current study, that study revealed that 
filamentous algae, macrophytes and non-filamentous benthic algae were not 
significant contributors to consumer biomass or the food web (Trayler et al. 2003).   
 
Dietary analysis also indicated that small N. erebi (<100 mm TL) opportunistically 
fed on small invertebrates.  The importance of this food source was confirmed by 
isotopic analysis which indicated that small N. erebi were far more enriched than 
larger individuals of this species.  This therefore supports the hypothesis of Lima-
Junior and Goitein (2003) that small individuals will preferentially target high energy 
food sources when available.   
 
8.4.2 Competition and seasonal trophic level variation  
δ
13C and δ
15N values support the hypothesis that dietary overlap was highest in the 
wet season, lowest in the early dry and increased again in the late dry season, a 
finding consistent with the dietary study described in Chapter 7.  For example, the 
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13C vs δ
15N values of the fishes in the wet season (Figure 8.1) tend to 
be clumped together, indicating similarities in the food items assimilated.  In the early 
dry season there is far less clumping of these data points (Figure 8.2), whereas in the 
late dry season these points are again compressed (Figure 8.3).  A ‘compression’ of 
food web structure was also observed during the Ord River isotope study by Trayler et 
al. (2003).  In that study, the food web structure present in September (comparable to 
the late dry season in this study) was compressed in comparison to that observed in 
June (comparable to the early dry season in this study).   
 
The results of Chapter 7 and this chapter lend some support to the notion that dietary 
overlap decreases in periods of low production, i.e. in support of the ‘competitive 
exclusion principle (Zaret and Rand 1971, Angermeier and Karr 1983, Pusey and 
Bradshaw 1996), and also to the conflicting view that dietary overlap increases when 
habitat and food resources become limited and predators become less selective 
(Blaber 1986, Arthington 1992).  The apparent contradiction of these two views can 
be resolved by considering the magnitude of the reduction in food availability.  Thus, 
when food is abundant the probability of encountering many foods types is high, the 
return for capture/handling of many of these food types, even if they are of low 
calorific value, is likely to provide a net positive gain in energy.  If food becomes 
reduced below a certain point, organisms will maximise energy returns by selecting 
foods to which they are particularly well adapted to capturing/processing.  If food 
becomes even less abundant, organisms may have no choice other than the 
consumption of whatever food they can find/catch/process, in order to survive.  When 
considering resource overlap and/or resource partitioning, it is therefore vitally 
important to consider how limiting the resource may be. 
 
8.4.3Conclusions 
The use of δ
13C and δ
15N isotope and stomach content analysis indicated that 
differences often exist between the food types consumed and those which are 
energetically important to a species.  For example, while this chapter supported the 
finding that omnivory is prevalent in the Fitzroy River, it strongly suggests that 
filamentous algae and other plant sources may not be as important in the diet as first 
suspected.  Stable isotope analysis also indicated that prey types that persist 
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important sources of the energy than dietary data revealed. 
 
This chapter also supports the view that juvenile fishes target high energy food items. 
 
Furthermore, this chapter and Chapter 7 strongly support the notion that many species 
will maximise their energy intake in response to changes in resource availability. 
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Summary and general conclusions 
 
 
 
Australia has an extremely rich shark and ray fauna representing almost one third of 
the total number of extant species, of which approximately half are endemic (Last and 
Steven 1994).  In light of the decimation of elasmobranch populations throughout the 
world, including those in nearby waters of Southeast Asia, it has been speculated that 
northern Australia may contain the last viable populations of a number of dwindling 
species (Last and Stevens 1994, Pogonoski et al. 2002).  While overfishing is 
currently the greatest risk to elasmobranch populations throughout the world 
(Pogonoski et al. 2002), the risk to species occupying nearshore and riverine waters is 
compounded by the contraction of suitable habitat.   
 
A vast majority of rivers and inshore waters of northern Australia are remote from 
human settlement.  A lack of access, negligible development pressure and, in recent 
times, strict controls upon commercial fishing in inland waters have resulted in many 
systems remaining near pristine and free from feral fish species.  However, human 
induced threats are encroaching upon these areas as populations in regional centers 
increase, illegal fishing activities continue, large scale irrigated agricultural projects 
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rivers to supply drinking water is investigated.  Australia currently remains in a 
unique position to recognise the value of the elasmobranch resource present and take 
precautionary, rather than recovery, actions to ensure the longevity of these species.   
 
Research on the occurrence, biology and ecology of elasmobranchs, and other fishes, 
occurring in northern Australia is lacking.  The current study has addressed major 
gaps in distributional data of elasmobranchs and other fishes occurring in fresh and 
estuarine waters of northern Australia, and identified several rivers that represent 
significant habitat for the species present.  It has also increased the understanding of 
the biology, ecology and taxonomy of the endangered Pristis microdon,  Pristis 
clavata and Glyphis sp. C, and the widespread Carcharhinus leucas.  Dietary samples 
and stable isotope data collected during this study are also amongst the first for a 
number of species occurring in the Fitzroy River, and throughout the Kimberley 
region of Western Australia.  The use of dietary and stable isotope data resulted in a 
comprehensive description of the trophic relationships and the partitioning of 
seasonally abundant food resources between the fishes present in a tropical Australian 
river, and tested the validity of competing theories regarding resource partitioning, i.e. 
that dietary overlap decreases in periods of low production in support of the 
‘competitive exclusion principle’, or alternatively, that dietary overlap increases when 
habitat and food resources become limited, and thus predators become less selective. 
 
 
9.1 Summary: Elasmobranchs of northern rivers 
9.1.1 Distribution 
Over 27 000 km were traversed during the initial ichthyological survey in an attempt 
to collect data on the occurrence of elasmobranchs (and other fishes) occurring in 
rivers of northern Australia.  The survey indicated that although P. microdon, P. 
clavata, H. chaophraya and C. leucas were widely distributed throughout the north of 
the continent, their numbers varied greatly both between species and for each of the 
species present in the 39 river/creek systems sampled.  This became particularly 
apparent while surveying the rivers entering King Sound, Western Australia, 
including the Fitzroy, Meda and May rivers, where far higher numbers of P. microdon 
and P. clavata were captured than elsewhere, in addition to H. chaophraya and C. 
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mangrove creek, Doctors Creek, which also enters King Sound.   
 
The Fitzroy River is one of the richest in the Kimberley region, with 37 fish species 
(23 freshwater and 14 marine) recorded from non-tidal freshwaters alone and remains 
free from feral species (Morgan et al. 2004b).  This fact, and the comparatively high 
abundance of elasmobranchs occurring in the River and waters of King Sound, made 
it the ideal locality to focus the research effort on describing the biology and ecology 
of  P. microdon, P. clavata,  Glyphis  sp. C and C. leucas and explore the trophic 
relationships of fishes in a tropical Australian river to further refine theories ideas 
regarding resource partitioning in general. 
 
9.1.2 Pristis microdon  
The study of the endangered P. microdon in the Fitzroy River, Western Australia, was 
conducted to maximise the information attainable by non-destructive means 
(including fin clips for isotope analysis and tagging) and from specimens found dead 
on the banks and those donated by indigenous fishers.  Pristis microdon was captured 
in marine, estuarine and fresh waters over 300 km upstream of the mouth.   
Observations of sexual maturity, annuli present on vertebrae, recaptures of tagged 
individuals and length frequency data suggested that the freshwaters of the Fitzroy 
River are a nursery for the species where immature individuals (up to 2800 mm total 
length) remain for a maximum of four or five years.  Morphology and counts of the 
number of rostral teeth indicated that these characteristics can be used to differentiate 
P. microdon from P. clavata (which also occurs in the Fitzroy River), and male from 
female P. microdon.  Furthermore, differences in the relationship between rostrum 
length and total length between the sexes may provide an effective diagnostic tool for 
the collation of historical sex ratio data from rostrums held in private collections.  
Rostral tooth counts and growth at age data also suggest that the synonymisation of P. 
microdon, Pristis zephyreus and Pristis perotteti is not warranted.  
 
9.1.3 Pristis clavata 
All P. clavata collected were immature and attained a maximum total length of 2332 
mm.  These findings indicate that the description of the species as a small or ‘dwarf’ 
sawfish, and growing to a maximum of only 2500 mm TL (Compagno and Last 
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River and nearshore marine waters of King Sound.  As was the case for P. microdon, 
the Fitzroy River may act as a nursery for P. clavata, however, unlike P. microdon, P. 
clavata does not penetrate into non-tidal freshwaters.  Observations of annuli present 
on vertebrae and length frequency data suggest that the growth rate of P. clavata is 
slower than that of P. microdon.  For example, P. clavata of 1600 mm TL appeared to 
be approximately three years old, whereas P. microdon of an estimated similar age 
were 1800-2200 mm TL.  Furthermore, unlike P. microdon, counts of rostral teeth 
failed to reveal a difference in female and male P. clavata.  
 
9.1.4 Glyphis sp. C 
This study was successful in collecting 10 endangered Glyphis sp. C from macrotidal 
marine waters of King Sound, Western Australia, which represent over half the 
specimens known to science.  None were captured in the Fitzroy River proper.  Only a 
single male (1418 mm TL) was mature, whereas dissection of the largest female 
(1350 mm TL) indicated immaturity.  Glyphis sp. C collected from King Sound were 
found to possess both a wider range in total vertebral count (i.e. 140-151 cf. 147-148) 
and number of diplospondylous caudal centra (i.e. 64-70 cf. 65-68) than previously 
reported by Campagno & Niem (1998).  Furthermore, meristics lend some support for 
the synonymisation of Glyphis sp. C with Glyphis gangeticus.  Radiographs of nine 
and dissection of one Glyphis sp. C indicated that spinal deformation and fusing of 
vertebrae existed in three of the Glyphis sp. C collected.  It is possible that these 
malformations are caused by a genetic abnormality, indicative of inbreeding within a 
small gene pool. 
 
9.1.5 Carcharhinus leucas 
A total of 111 C. leucas were captured from rivers of the Northern Territory and 
Kimberly region, Western Australia, being the most numerous and common 
elasmobranch species encountered throughout the study.  Individuals captured were a 
maximum of 1365 mm TL and all were immature.  Although C.  leucas  was 
commonly captured in estuarine and fresh waters, several hundred kilometers 
upstream of a rivers mouth, none were captured in offshore marine waters during this 
study.  As appears the case for P. microdon and P. clavata, the rivers of northern 
Australia act as nurseries  for juvenile C. leucas, that remain in the river for 
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of large amounts of teleost fishes, numerous other prey types were consumed 
including terrestrial mammals, aquatic insects and other elasmobranchs.  This species’ 
opportunistic feeding strategy was confirmed with dietary investigations of the fishes 
in the Fitzroy River, and both stomach content and stable isotope analyses identified 
the importance of P. microdon as a prey source for C. lecuas in that system.  The high 
abundance within rivers, broad diet and aggressive nature of C. leucas indicated that 
some risk of attack exists for people bathing in these waters.    
 
 
9.2 Trophic interactions of fishes in the Fitzroy River 
This study utilised stomach content and stable isotope analyses to elucidate the diets 
and trophic relationships existing between fishes of the Fitzroy River, and investigate 
seasonal dietary overlap.  The fish community of the Fitzroy River was found to differ 
in its dietary characteristics to those of tropical freshwater fishes found in Asia, Africa 
and South America.  In those systems, terrestrial plant material, insects (aquatic and 
terrestrial) and detritus were important direct food sources, and in general, a diverse 
and abundant suite of piscivores exists (Lowe-McConnell 1987).  Although stomach 
content analysis indicated that aquatic and terrestrial insects were consumed by a 
large number of species, few detritivores (e.g. Nematalosa erebi) or piscivores (e.g. 
Lates calcarifer, C. leucas and P. microdon) are present in the Fitzroy River, and 
opportunistic feeding at multiple trophic levels was widespread.  Furthermore, 
although the extensive consumption of aquatic and terrestrial insects suggested the 
importance and seasonal dependence on this resource by fishes in the Fitzroy River, 
stable isotope analysis indicated that more species may exhibit piscivorous feeding 
habits, and rely upon high calorific fish prey, than previously considered.  Indeed, 
these analyses demonstrated that what is actually consumed may be less energetically 
important to the individual, and that less digestible preys may be over-represented in a 
fishes diet when using stomach content analysis alone. 
 
These investigations also suggested that rather than a broadening of diet with age, 
numerous species exhibited dietary ‘shifts’.  For example, juvenile Toxotes 
kimberleyensis and Arius graeffei consumed aquatic insects in comparison to larger 
individuals of the species that consumed terrestrial insects.  The hypotheses that 
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high), becomes reduced in the early dry season (as resources begin to contract and the 
diets of each species becomes more specialised), and increases again in the late dry 
season (when resources become very limited), were also confirmed.  Furthermore, 
these analyses also supported the theories that juvenile fishes may target high energy 
food items to attain higher growth rates and a large size rapidly, in order to achieve 
competitive feeding advantages and reduce the risk of predation, and that many 
species will maximise their energy intake in response to changes in resource 
availability.  Thus, the results of this study provide support for both theories, i.e. that 
dietary overlap decreases in periods of low production in support of the ‘competitive 
exclusion principle’, and the alternate that overlap increases when resources become 
limited.  However, these results stress the importance of considering the magnitude by 
which a resource becomes limiting in studies of resource partitioning. 
 
 
9.3 Future research 
•  This study collected baseline distributional data on elasmobranchs, and other 
fishes, occurring in nearshore and inland waters of northern Australia.  This 
data is essential for undertaking stock assessments and the successful 
implementation of fisheries regulations.  Further ichthyological surveys are 
therefore necessary to accurately establish the size and robustness of 
elasmobranch populations occurring throughout northern Australia.  Surveys 
of another Kimberly River, the King Edward River, are currently underway to 
ascertain the species present and collect data on the cultural significance of 
those species to traditional owners. 
•  The tagging of sawfish within the Fitzroy River should continue, as well as 
annual sampling for the collection of recapture data.  Recapture data is an 
effective way of evaluating annual growth, foraging area and distribution.  The 
tags used during this study have contact details for the Government of Western 
Australia Department of Fisheries. 
•  Sampling of the mouth of the Fitzroy River during the wet season should be 
conducted to confirm whether mature female P. microdon, P. clavata and C. 
leucas enter the rivers mouth to pup.    
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investigate the relationship between the species to clarify current taxonomic 
uncertainties, and the relationship between different populations of the same 
species to establish connectivity.  Information from the latter investigation can 
be used to establish a recovery/re-introduction program in rivers where 
sawfish populations are unsustainable.  Over 100 genetic samples of sawfish 
tissue were collected during the current study.  Several samples were donated 
to the Government of Western Australia Department of Fisheries for inclusion 
in their genetic reference collection. 
•  Morphometrics of other Glyphis species should be collected and published to 
clarify the taxonomic confusion that currently exists. 
•  Molecular data from Glyphis sp. C should be collected and used to determine 
the population structure within King Sound, and investigate relationships 
between populations occurring elsewhere in the Australian-New Guinean 
region.  Seven of the ten specimens collected during the study have been 
lodged with the Western Australian Museum, and the remaining four will be 
distributed to other Australian Museums and Research Organisations.  This 
will allow any researcher to access these specimens for future investigative 
works. 
 
 
9.4 The last stronghold: Protective legislation in Australia 
The Pristidae are one group that have been decimated from gill net and trawl fisheries 
due to their susceptibility to entanglement in nets by their rostrum (Simpfendorfer 
2000).  While it has been speculated that Australia may support the most significant 
remaining populations of a number of sawfishes, distribution data collected during 
these surveys may indicate a recent contraction of sawfish populations on the east 
coast of the continent.  No P. clavata were captured during the preliminary survey 
(despite previous records of its occurrence in those waters sampled) or during any 
other recent ichthyological surveys conducted in the region (Stirling Peverell, 
Department of Primary Industries, Cairns, pers. comm.).  Furthermore, no Glyphis sp. 
A have been captured from the Bizant River, Queensland since its original capture in 
1989.  
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In recent years, international organisations such as the World Conservation Union 
(IUCN) and the Food and Agriculture Organisation of the United Nations (FAO) have 
initiated specialist research groups to advise government bodies on the global status of 
elasmobranch species and actions that may ensure their survival.  Similar groups have 
been established in Australia and recommendations by, for example, Pogonoski et al. 
(2002) and the IUCN Shark Specialist Group Australia (2003) consider Glyphis sp. A 
and C as critically endangered, P. microdon and  P. clavata as endangered and 
Himantura chaophraya as vulnerable.  Despite recommendations, no immediate 
action has been taken by Australian Commonwealth and State Governments.  At the 
present time in Australia, Commonwealth Government legislation affords Glyphis sp. 
C (listed as endangered) and P. microdon (listed as vulnerable) some protection in 
waters managed by them, under the Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC).  However, as explained in the Chapter 1, this 
protection is limited to marine waters which only begin three nautical miles offshore.   
 
Results of these studies demonstarted the significance of the Fitzroy River and King 
Sound as critical habitat for Glyphis sp. C, P. microdon and P. clavata.  Like many 
other rivers in remote areas of northern Australia, the Fitzroy River is closer to a 
natural state than those located in, for example, populated areas of south-western 
Australia.  Although the upstream migration of fishes is affected by the relic diversion 
barrage at Camballin, large engineering projects such as the damming of Dimond 
Gorge or Margaret Gorge, and a recently proposed canal development to transfer 
water from the Fitzroy River to south-western Australia, have been rejected.  Access 
to the Fitzroy River also remains limited and only one licensed barramundi Lates 
calcarifer gill net fisher currently operates in waters of King Sound.  These factors 
undoubtedly contribute to the persistence of these species in the region.  
 
The initiation of a sawfish tagging program, community based elasmobranch 
awareness program and the erection of signs alerting people to the significance of the 
Fitzroy River habitat, was (and remains) strongly supported by local indigenous and 
non-indigenous parties.  However, the recognition by Commonwealth and State 
Governments of the significance of Australian elasmobranch populations is essential 
for their longevity.  While indigenous communities would retain their traditional right 
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microdon, and P. clavata under Schedule 2 (Protected Fish) of the Western Australian 
State Fish Resources Management Regulations 1995, would deter the unlawful killing 
of these species and wasteful acts such as trophy collecting of rostrums of sawfish.  
 
Thankfully the results of this study, lobbying of Western Australian management 
authorities and community support have recently succeeded in seeing P. microdon 
and Glyphis spp. considered, and agreed to (in part), for inclusion as ‘totally protected 
fish’, under Schedule 2 (Protected Fish) of the Fish Resources Management 
Regulations (Ford 2005) by the Minister for Fisheries, Western Australia.  With 
continued vigilance for the protection of elasmobranchs, it is probable that all other 
Australian States will adopt similar legislation, ensuring the survival of these iconic 
species.  
 
  117References 
 
Allen, G.R. (1975). A preliminary checklist of the freshwater fishes of the Prince 
Regent River reserve north-west Kimberley, Western Australia. In, Miles, J.M. 
and Burbidge, A.A. (Eds), A biological survey of the Prince Reagent reserve 
north-west Kimberley, Western Australia in August, 1974. Wildlife Research 
Bulletin of Western Australia 3: 1-116. 
 
Allen, G.R. (1982). Inland Fishes of Western Australia. Western Australian Museum, 
Perth. 
 
Allen, G.R. (1989). Freshwater Fishes of Australia. T.F.H. Publications, Neptune 
City. 
 
Allen, G.R. (1997). Marine Fishes of Tropical Australia and South-East Asia. 
Western Australian Museum, Perth. 
 
Allen, G.R. and Hoese, D.F. (1980). A collection of fishes from the Jardine River, 
Cape York Peninsula, Australia. Journal of the Royal Society of Western 
Australia 63: 53-61. 
 
Allen, G.R. and Legget, R. (1990). A collection of freshwater fishes from the 
Kimberley Region of Western Australia. Records of the Western Australian 
Museum 14: 527-545. 
 
Allen, G.R., Midgley, S.H. and Allen, M. (2002). Field Guide to the Freshwater 
Fishes of Australia. CSIRO/Western Australian Museum, Perth. 
 
Angermeier, P.L. and Karr, J.R. (1983). Fish communities along environmental 
gradients in a system of tropical streams. Environmental Biology of Fishes 9: 
117-135. 
 
  118Anon. (1993). Fitzroy Valley Irrigation A Conceptual Study. For the Kimberley 
Resources Development Office. Prepared by ACIL Economics and Policy Pty 
Ltd, Kinhill Engineers Pty Ltd, Bryn Roberts and Associates and Water 
Authority of Western Australia. 
 
Arthington, A.H. (1992). Guild structure of Brisbane freshwater fishes. Proceedings 
of the Royal Society of Queensland 102: 31-47. 
 
Ball, J.N. (1961). On the brown trout of Llyn Tegid. Proceedings of the Zoological 
Society of London 137: 599-622. 
 
Bass, A.J. (1977). Long-term recoveries of tagged sharks. Copeia 3: 574-575. 
 
Beatty, S.J., Morgan, D.L. and Gill, H.S. (2005). Role of life history strategy in the 
colonisation of Western Australian aquatic systems by the introduced crayfish 
Cherax destructor Clark, 1936. Hydrobiologia 549: 219-237. 
 
Beaudoin, P.C., Prepas, E.E., Tonn, W.M., Wassenaar, L.I. and Kotak, B.G. (2001). A 
stable carbon and nitrogen isotope study of lake food webs in Canada’s Boreal 
Plain. Freshwater Biology 46: 465-477. 
 
Beumer, J.P. (1980). Hydrology and fish diversity of a North Queensland tropical 
stream. Australian Journal of Ecology 5: 159-186. 
 
Bishop, K.A., Allen, S.A., Pollard, D.A. and Cook, M.G. (1986). Ecological Studies 
on the Freshwater Fishes of the Alligator Rivers Region, Northern Territory. 
Research Report 4, Volume 1, Supervising Scientists for the Alligator River 
Region. Australian Government Publishing Service, Canberra. 63 pp. 
 
Bishop, K.A., Allen, S.A., Pollard, D.A. and Cook, M.G. (2001). Ecological Studies 
on the Freshwater Fishes of the Alligator Rivers Region, Northern Territory: 
Autecology. Supervising Scientists Report 145, Supervising Scientist, Darwin. 
570 pp. 
 
  119Bishop, K.A. and Forbes, M.A. (1991). The freshwater fishes of northern Australia. 
In, Haynes, C.D., Ridpath, M.G. and Williams, M.A. (Eds), Monsoonal 
Australia: Landscape, ecology and man in the northern lowlands. AA Balkema, 
Rotterdam, pp. 79-107. 
 
Blaber, S.J.M. (1986). Feeding selectivity of a guild of piscivorous fish in mangrove  
  areas of north-west Australia. Australian Journal of Marine and Freshwater 
Research 37: 329-336.  
 
Boulter, S.L. (2002). Coast Law in Western Australia. Environmental Defenders 
Office WA, Perth. 
 
Branstetter, S. and Stiles, R. (1987). Age and growth of the bull shark, Carcharhinus 
leucas, from the northern Gulf of Mexico. Environmental Biology of Fishes 20: 
169-181. 
 
Brown, J.A. (1985). The adaptive significance of behavioural ontogeny in some 
centrarchid fishes. Environmental Biology of Fishes 13: 25-34. 
 
Bunn, S.E. and Arthington, A.H. (2002). Basic principles and ecological 
consequences of altered flow regimes for aquatic biodiversity. Environmental 
Management 30: 492-507. 
 
Bunn, S.E. and Boon, P.I. (1993). What sources of organic carbon drive food webs in 
billabongs? A study based on stable isotope analysis. Oecologia 96: 85-94. 
 
Caillouet, C.W. (1969). Weight, length and sex ratio of immature bull sharks, 
Carcharhinus leucas, from Vermillion Bay, Louisiana. Copeia 1: 196-197. 
 
Cerrato, R. M. (1990). Interpretable statistical tests for growth comparisons using 
parameters in the von Bertalanffy equation. Canadian Journal of Fisheries and 
Aquatic Sciences 47: 1416-1426. 
 
  120Chubb, C.F., Hutchins, J.B., Lenanton, R.C.J. and Potter, I.C. (1979). An annotated 
checklist of the fishes of the Swan-Avon river system, Western Australia. 
Records of the Western Australian Museum 8: 1-55. 
 
Clarke, K.R. and Gorley, R.N. (2001). Primer v5: User Manual/Tutorial. Plymouth 
Marine Laboratory, Plymouth. 
 
Clarke, K.R. and Warwick, R.M. (1994). Change in Marine Communities: An 
Approach to Statistical Analysis and Interpretation. Natural Environment 
Research Council, Oxford. 
 
Cliff, G. and Dudley, S.F.J. (1991). Sharks caught in the protective gill nets off Natal, 
South Africa. 4. The bull shark Carcharhinus leucas Valenciennes.  South 
African Journal of Marine Science 10: 253-270. 
 
Cocheret de la Morinière, E., Pollux, B.J.A., Nagelkerken, I., Hemminga, M.A., 
Huiskes, A.H.L. and van der Velde, G. (2003). Ontogenic dietary changes of 
coral reef fishes in the mangrove-seagrass-reef continuum: stable isotopes and 
gut-content analysis. Marine Ecology Progress Series 246: 279-289.  
 
Compagno, L.J.V. (1984). FAO Species Catalogue, Volume 4, Sharks of the World. 
An annotated and illustrated catalogue of shark species known to date. FAO 
Synopsis No. 125. vol. 4, pt. 1. 655 pp.   
 
Compagno, L.J.V. (1999). Sharks of the Order Carcharhiniformes. The Blackburn 
Press, New Jersey. 
 
Compagno, L.J.V (1990). Shark exploitation and conservation. In, Pratt, H.L., Gruber, 
S.H. and Taniuchi, T. (Eds), Elasmobranchs as Living Resources: Advances in 
the Biology, Ecology, Systematics and the Status of the Fisheries. National 
Oceanic and Atmospheric Administration, Technical Report 90, pp. 397-420. 
 
Compagno, L.J.V. and Cook, S.F. (1995). Order Pristiformes, sawfishes. In, Fowler, 
S.L., Camhi, M., Burgess, G.H., Cailliet, G.M., Fordham, S.V., Cavanagh, R.D., 
  121Simpfendorfer, C.A. and Musick, J.A. (Eds), Sharks, Rays and Chimaeras: The 
status of the chondrichthyan fishes. IUCN/SSC Shark Specialist Group. IUCN, 
Gland, Switzerland. 
 
Compagno, L.J.V. and Niem, V.H. (1998). Order Carcharhinidae. In, Carpenter, K.E. 
and Niem, V.H. (Eds), FAO Species Identification Guide for Fisheries 
Purposes. The Living Marine Resources of the Western Central Pacific. Volume 
2. Cephalopods, crustaceans, holothurians and sharks. FAO, Rome, pp. 1312-
1360. 
 
Compagno, L.J.V. and Last, P.R. (1998). Order Pristiformes. In, Carpenter, K.E. and 
Niem, V.H. (Eds), FAO Species Identification Guide for Fisheries Purposes. 
The Living Marine Resources of the Western Central Pacific. Volume 3. Batoid 
fishes, chimaeras and bony fishes, FAO, Rome, pp. 1410-1417. 
 
Connell, J.H. (1980). Diversity and the coevoloution of competitors, or the ghost of 
competition past. Oikos 35: 131-138. 
 
Conrath, C.L. (2004). Reproductive biology. In, Musick, J. A. and Benfil, R. (Eds) 
Elasmobranch Fisheries Management Techniques, APEC Fisheries Working 
Group, pp. 133-164. 
 
Cortes, E. (1997). A critical review of methods of studying fish feeding based on 
stomach contents: Application to elasmobranch fishes. Canadian Journal of 
Fisheries and Aquatic Science 54: 726-738. 
 
Costello, M.J. (1990). Predator feeding strategy and prey importance: A new 
graphical analysis. Journal of Fish Biology 36: 261-263. 
 
DeNiro, M.J. and Epstein, S. (1981). Influence of diet on the distribution of nitrogen 
isotopes in animals. Geochimica et Cosmochimica Acta 45: 341-351. 
 
  122Department of Primary Industries and Energy. (1998). Australian Water Resources 
Council, Water Management Series No. 13. Australian Government Publishing 
Sevice, Canberra. 42 pp. 
 
Doupé, R., Morgan, D.L., Gill, H.S., Rowland, A.J. and Annadale, D. (2003). 
Ecological and Social Issues Concerning the Establishment of a Recreational 
Barramundi Fishery in Lake Kununarra. Report to the Lake Kununarra Fish 
Stock Enhancement Committee and Ord Land and Water Inc. 85 pp. 
 
Ebert, D.A. (2003). California Natural History Guides. Sharks, Rays and Chimaeras 
of California. University of California Press, Berkeley.  
 
Erzini, K., Goncalves, J.M.S., Bentes, L. and Lino, P.G. (1997). Short 
communication: Fish mouth dimensions and size selectivity in a Portuguese 
longline fishery. Journal of Applied Ichthyology 13: 41-44. 
 
Ford, J. (2005). A five year management strategy for recreational fishing in the 
Pilbara/Kimberley.  Fisheries Management Paper  No. 201. Government of 
Western Australia Department of Fisheries, Perth. 
 
Forsberg, B.R., Araujo-Lima, C.A.R.M., Martinelli, L.A., Victoria, R.L. and Bonassi, 
J.A. (1993). Autotrophic carbon sources for fish of the central Amazon. Ecology 
74: 643-651. 
 
Fowler, S. (1997). River shark discovered in Saba. Shark News 9: 1-2. 
 
Fry, B. and Sherr, E.B. (1984). δ
13C measurements as indicators of carbon flow in 
marine and freshwater ecosystems. Contributions in Marine Science 27: 13-47. 
 
Gerking, S.D. (1994). Feeding Ecology of Fish. Academic Press, London. 
 
Gill, H.S. and Morgan, D.L. (1998). Larval development of Nannatherina balstoni 
Regan (Nannopercidae), with a description of ontogenic changes in the diet. 
Ecology of Freshwater Fish 7: 132-139. 
  123 
Gill, H.S. and Morgan, D.L. (2003). Ontogenic changes in the diet of the black-striped 
minnow  Galaxiella nigrostriata (Shipway, 1953) (Galaxiidae) and the 
salamanderfish  Lepidogalaxias salamandroides (Mees, 1961) 
(Lepidogalaxiidae). Ecology of Freshwater Fish 12: 151-158. 
 
Gill, H.S., Morgan, D.L., Doupé, R.G. & Rowland, A.J. (2005). The fishes of Lake 
Kununurra, a highly regulated section of the Ord River in northern Western 
Australia. Records of the Western Australian Museum 23: 1-6. 
 
Gloerfelt-Tarp, T. and Kailola, P. J. (1984). Trawled Fishes of Southern Indonesia 
and Northwestern Australia. Australian Development Assistance Bureau; 
Directorate General of Fisheries, Indonesia; German Agency for Technical 
Cooperation. 470 pp. 
 
Goldman, K.J. (2004). Age and growth of elasmobranch fishes. In, Musick, J. A. and 
Benfil, R. (Ed.), Elasmobranch Fisheries Management Techniques. APEC 
Fisheries Working Group, pp 133-164. 
 
Grossman, G.D. (1980). Ecological aspects of ontogenetic shifts in prey size 
utilization in the Bay Goby (Pisces: Gobiidae). Oecologia 47: 233-238. 
 
Harris, J. (1984). Zoogeography of the Australian freshwater fish fauna. In, Archerm, 
M. and Clayton, G. (Eds), Vertebrate Zoogeography and Evolution in 
Australasia. Hesperian Press, Perth, pp. 221-229. 
 
Herbert, B. and Peeters, J. (1995). Freshwater Fishes of Far North Queensalnd. State 
of Queensland, Department of Primary Industries, Brisbane.  
 
Heupal, M.R., Simpfendorfer, C.A. and Bennett, M.B. (1999). Skeletal deformities in 
elasmobranchs from Australian waters. Journal of Fish Biology 54: 1111-1115. 
 
  124Hortle, K.G. and Parson, R.G. (1990). Fauna of the Annan River system, far north 
Queensland, with reference to the impact of tin mining. I. Fishes. Australian 
Journal of Marine and Freshwater Research 41: 677-694. 
 
Huskey, S.H. and Turingan, R.G. (2001). Variations in prey-resource utilization and 
oral jaw gape between two populations of largemouth bass, Micropterus 
salmoides. Environmental Biology of Fishes 61: 185-194.  
 
Hutchins, J.B. (1977). The freshwater fish fauna of the Drysdale River national Park 
North Kimberley, Western Australia. In, Kabay, E.D. and Burbidge, A.A. (Eds), 
A biological survey of the Drysdale River National Park North Kimberley, 
Western Australia in August, 1975. Wildlife Research Bulletin of Western 
Australia 6: 1-133. 
 
Hutchins, J.B. (1981). Freshwater fish fauna of the Mitchell Plateau Area, Kimberley, 
Western Australia. In, Biological Survey of the Mitchell Plateau and Admiralty 
Gulf, Kimberley, Western Australia. Western Australian Museum Publication, 
Perth, pp. 229-247. 
 
Hyndes, G.A., Platell, M.E. and Potter, I.C. (1997). Relationships between diet and 
body size, mouth morphology, habitat and movements of six sillaginid species 
in coastal waters: implications for resource partitioning. Marine Biology 128: 
585-598. 
 
Hynes, H. B. N. (1950). The food of sticklebacks with a review of the methods used 
in studies of food in fishes. Journal of Animal Ecology 19: 36-58. 
 
Hyslop, E.J. (1980). Stomach content analysis – A review of methods and their 
application. Journal of Fish Biology 17: 411-429. 
 
Ishihara, H., Taniuchi, T., Sano, M. and Last, P.R. (1991a). Record of Pristis clavata 
Garman from the Pentecost River, Western Australia, with brief notes on its 
osmoregulation, and comments on the systematics of the Pristidae. University 
Museum, University of Tokyo, Nature and Culture 3: 43-53. 
  125 
Ishihara, H., Taniuchi, T. and Shimizu, M. (1991b). Sexual dimorphism in number of 
rostral teeth in the sawfish, Pristis microdon collected from Australia and Papua 
New Guinea. University Museum, University of Tokyo, Nature and Culture 3: 
83-89.  
 
Jepson, D.B. and Winemiller, K.O. (2002). Structure of tropical river food webs 
revealed by stable isotope ratios. Oikos 96: 46-55. 
 
Jones, S. (1996). In the Blood: God, Genes and Destiny. Flamingo, Hammersmith. 
 
Karpouzi, V.S. and Stergiou, K.I. (2003). The relationships between mouth size and 
shape and body length for 18 species of marine fishes and their trophic 
implications. Journal of Fish Biology 62: 1353-1365. 
 
Labropoulou, M. and Markakis, G. (1998). Morphological-dietary relationships within 
two assemblages of marine demersal fishes. Environmental Biology of Fishes 
51: 309-319. 
 
Lake, J.S. (1971). Freshwater Fishes and Rivers of Australia. Thomas Nelson Ltd., 
Melbourne. 
 
Lake, J.S. (1978). Freshwater Fishes of Australia. An Illustrated Field Guide. Nelson, 
Melbourne. 
 
Larson, H.K. and Martin, K.C. (1990). Freshwater Fishes of the Northern Territory. 
Northern Territory Museum of Arts and Science, Darwin. 
 
Larson, H.K. (1992). Report on the Resident Non-commercial Coastal Fish Species of 
the Bing Bong Station Area (Proposed Barge Loading Facility). Report to MIM 
Holdings Ltd, Brisbane. 20 pp. 
 
Larson, H.K. (1995). Diversity of Fishes in Ranger and Comparison Billabongs, 
Kakadu National Park: Final Report. Report to CSIRO, Canberra. 21 pp. 
  126 
Larson, H.K. (1996). Report on the Biological Resource Survey of the Roper River 
System, Gulf of Carpentaria, Northern Territory, Australia: Coastal and 
Estuarine Fishes. Report to Mount Isa Mines Holdings, Brisbane. 16 pp. 
 
Larson, H.K. (1999). Keep River Aquatic Fauna Survey. MAGNT Research Report 
No. 4. Museum and Art Galleries of the Northern Territory, Darwin. 37 pp. 
 
Larson, H.K. (2000). Report to Parks Australia on Estuarine Fish Monitoring of 
Kakadu National Park, Northern Australia, Australia. Museum and Art 
Galleries of the Northern Territory, Darwin. 51 pp. 
 
Last, P.R and Stevens, J.D. (1994). Sharks and Rays of Australia. CSIRO Division of 
Fisheries, CSIRO, Australia. 
 
Last, P.R. and Seret, B. (1999). Comparative biogeography of the chondrichthyan 
faunas of the tropical south-east Indian and south-west Pacific oceans. In, Seret, 
B. and Sire, J.Y. (Eds), Proceedings of the 5
th Indo-Pacific Fish Conference 
(Noumea, 3-8 November 1997): Societe Francaise d’Ichthyologic and Institut de 
Recherche pour le Development, Paris. pp. 293-306. 
 
Lima-Junior, S.E. and Goitein, R. (2003). Ontogenetic diet shifts of a Neotropical 
catfish, Pimelodus maculates (Siluriformes, Pimelodidae): An ecomorphological 
approach. Environmental Biology of Fishes 68: 73-79. 
 
Lowe-McConnell, R.H. (1987). Ecological studies in tropical fish communities. 
Cambridge University Press, Cambridge. 
 
Lukoschek, V. and McCormick, M.I. (2001). Ontogeny of diet changes in a tropical 
benthic carnivorous fish, Parupeneus barberinus (Mullidae): relationship 
between foraging behaviour, habitat use, jaw size, and prey selection. Marine 
Biology 138: 1099-1113. 
 
  127Magnhagen, C. and Heibo, E. (2001). Gape size allometry in pike reflects variation 
between lakes in prey availability and relative body depth. Functional Ecology 
15: 754-762. 
 
McDowall, R.M. (1981). The relationship of Australian freshwater fishes. In, Keast, 
A. (Ed.), Ecological Biogeography of Australia. W. Junk, The Hague, pp. 1253-
1273. 
 
Melville, A.J. and Connolly, R.M. (2003). Spatial analysis of stable isotope data to 
determine primary sources of nutrition for fish. Oecologia 136: 499-507.  
 
Merrick, J.R. and Schmida, G.E. (1984). Australian Freshwater Fishes. Biology and 
Management. Griffin Press Limited, Netley, South Australia. 
 
Midgely, S.H. (1979). The Roper River system, Limmen Bight River system, Rosie 
Creek System in the Northern Territory. A Biological Resource Study. Technical 
Report, Fisheries Division, Northern Territory Department of Primary 
Production. 43 pp. 
 
Midgely, S.H. (1981). The Victoria River, the Fitzmaurice River, the Keep River. A 
Biological Resource Study. Technical Report, Fisheries Division, Northern 
Territory Department of Primary Production. 
 
Montoya, R.V. and Thorson, T.B. (1982). The bull shark (Carcharhinus leucas) and 
largetooth sawfish (Pristis perotteti) in Lake Bayano, a tropical man-made 
impoundment in Panama. Environmental Biology of Fishes 7: 341-347. 
 
Morgan, D., Allen, M., Bedford, P. and Horstman, M. (2002). Inland Fish Fauna of 
the Fitzroy River Western Australia, including the Bunuba, Gooniyandi, 
Ngarinyin, Nyikina and Walmajarri Aboriginal names. Report to the Natural 
Heritage Trust. 56 pp. 
 
Morgan, D.L., Allen, M.G., Bedford, P. and Horstman, M. (2004a). Fish fauna of the 
Fitzroy River in the Kimberley region of Western Australia – including the 
  128Bunuba, Gooniyandi, Ngarinyin, Nyikina and Walmajarri Aboriginal names. 
Records of the Western Australian Museum 22: 147-161. 
 
Morgan, D.L. and Gill, H.S. (2004). Fish fauna in inland waters of the Pilbara (Indian 
Ocean) Drainage Division of Western Australia - Evidence for three 
subprovinces. Zootaxa 636: 1-43.  
 
Morgan, D.L., Rowland, A.J., Gill, H.S. and Doupé, R.G. (2004b). The implications 
of introducing a large piscivore (Lates calcarifer) into a regulated northern 
Australian river (Lake Kununarra, Western Australia). Lakes and Reservoirs: 
Research and Management 9: 181-193. 
 
Nelson, J.S. (1994). Fishes of the World. John Wiley and Sons, New York. 
 
Nilsson, N. (1978). The role of size biased predation in competition and interactive 
segregation in fish. In, Gerking, S.D. (Ed.), Ecology of Freshwater Fish 
Production. Blackwell Scientific Publications, Oxford, pp 303-325.  
 
Norton, S.F. (1991). Capture success and diet of cottid fishes: the role of predator 
morphology and attack kinetics. Ecology 72: 1807-1819. 
 
Peterson, B.J. and Fry, B. (1987). Stable isotopes in ecosystem studies. Annual 
Review of Ecology and Systematics 18: 293-320.  
 
Peverell, S.C. (2005). Distribution of sawfishes (Pristidae) in the Queensland Gulf of 
Carpentaria, Australia, with notes on sawfish ecology. Environmental Biology of 
Fishes 73: 391-402.  
 
Phillips, D.L. (2001). Mixing models in analysis of diet using multiple stable isotopes: 
a critique. Oecologia 127: 166-170. 
 
Phillips, D.L. and Gregg, J.W. (2003). Source partitioning using stable isotopes: 
Coping with too many sources 136: 261-269.    
 
  129Pinnegar, J.K. and Polunin, N.V.C. (1999). Differential fractionation of δ
13C and δ
15N 
among fish tissue: Implications for the study of trophic interactions. Functional 
Ecology 13: 225-231. 
 
Pogonoski, J.J., and Pollard, D.A. (2003). Northern river shark. In, Cavanagh, R.D., 
Kyne, P.M., Fowler, S.L., Musick, J.A. and Bennett, M.B. (Eds), The 
Conservation Status of Australian Chondrichthyans: Report to the IUCN Shark 
Specialist Group Australia and Oceania Regional Red List Workshop. The 
University of Queensland, School of Biomedical Sciences, Brisbane, Australia, 
pp. 120-121.  
 
Pogonoski J.J., Pollard, D.A. and Paxton, J.R. (2002). Conservation Overview and 
Action Plan for Australian Threatened and Potentially Threatened Marine and 
Estuarine Fishes. Environment Australia, Canberra. 375 pp. 
 
Pollard, D.A. (1974). The freshwater fishes of the Alligator Rivers ‘Uranium 
Province’ area (Top end, Northern Territory), with particular reference to the 
Magela Creek Catchment (East Alligator River System), Report 1. In, Conway, 
N.R., Davy, D.R., Giles, M.S. and Newton, P.J.F. (Eds), The Alligator Rivers 
Area Fact Finding Study. Australian Atomic Energy Commission, Sydney. 71 
pp. 
 
Post, D.M. (2002). Using stable isotopes to estimate trophic position: models, 
methods and assumptions. Ecology 83: 703-18. 
 
Pouilly, M., Lino, F., Bretenoux, J.G. and Rosales, C. (2003). Dietary-morphological 
relationships in a fish assemblage of the Bolivian Amazonian floodplain. 
Journal of Fish Biology 62: 1137-1158. 
 
Puckridge, J.T., Sheldon, F., Walker, K.F. and Boulton, A.J. (1998). Flow variability 
and the ecology of large rivers. Marine and Freshwater Research 49: 55-72. 
 
  130Pusey, B.J. and Bradshaw, S.D. (1996). Diet and dietary overlap of fishes of 
temporary waters of southwestern Australia. Ecology of Freshwater Fish 5: 
183-194. 
 
Pusey, B., Kennard, M. and Arthington, A. (2004). Freshwater Fishes of North-
Eastern Australia. CSIRO Publishing, Melbourne. 
 
Pusey, B.J., Read, M.G. and Arthington, A.H. (1995). The feeding ecology of 
freshwater fishes in two rivers of the Australian wet tropics. Environmental 
Biology of Fishes 43: 85-103. 
 
Pusey, B.J., Read, M.G. and Arthington, A.H. (2000). The dry-season diet of 
freshwater fishes in monsoonal tropical rivers of Cape York Peninsula, 
Australia. Ecology of Freshwater Fishes 9: 177-190. 
 
Ross, S.T. (1986). Resource partitioning in field assemblages: A review of field 
studies. Copeia 2: 352-388. 
 
Ross, S.T., Matthews, W.J. and Echelles, A.A. (1985). Persistence of stream fish 
assemblages: Effects of environmental change. The American Naturalist 126: 
24-40.  
 
Ruprecht, J. and Rogers, S. (1998). Hydrology of the Fitzroy River. In, Storey, A. and 
Beesley, L. (Eds), Limnology of the Fitzroy River, Western Australia: A 
Technical Workshop. Edith Cowan University, Claremont Campus, Claremont, 
Western Australia, pp. 7-8. 
 
Schmitt, R.J. and Holbrook, S.J. (1984). Ontogeny of prey selection by black 
surfperch  Embiotoca jacksoni (Pisces: Embiotocidae): the roles of fish 
morphology, foraging behaviour, and patch selection. Marine Ecology Progress 
Series 18: 225-239. 
 
Schoener, T.W. (1974). Resource partitioning in ecological communities. Science 
185: 27-39. 
  131 
Simpfendorfer, C.A. (2000). Predicting population recovery rates for endangered 
western Atlantic sawfishes using demographic analysis. Environmental Biology 
of Fishes 58: 371-377. 
 
Snelson, F.F., Mulligan, T.J. and Williams, S.E. (1984). Food habitats, occurrence, 
and population structure of the bull shark, Carcharhinus leucas, in Florida 
coastal lagoons. Bulletin of Marine Science 34: 71-80. 
 
Stevens, J.D., West, G.J. and McLoughlin, K.J. (2000). Movements, recapture 
patterns, and factors affecting the return rate of carcharhinid and other sharks 
tagged off northern Australia. Marine and Freshwater Research 52: 127-141. 
 
Storey, A. (1998). Irrigated agriculture on the Fitzroy River: Background and aims of 
the workshop. In, Storey, A. and Beesley, L. (Eds), Limnology of the Fitzroy 
River, Western Australia: A Technical Workshop. Edith Cowan University, 
Claremont Campus, Claremont, Western Australia. 
 
Sumpton, W. and Greenwood, J. (1990). Pre- and Post-flood feeding ecology of four 
species of juvenile fish from the Logan-Albert Estuarine System, Moreton Bay, 
Queensland. Australian Journal of Marine and Freshwater Research 41: 795-
806. 
 
Tanaka, S. (1991). Age estimation of freshwater sawfish and sharks in northern 
Australia and Papua New Guinea. University Museum, University of Tokyo, 
Nature and Culture 3: 71-82. 
 
Taniuchi, T., Shimizu, M., Sano, M., Baba, O. and Last, P.R. (1991). Description of 
freshwater elasmobranchs collected from three rivers in Northern Australia. 
University Museum, University of Tokyo, Nature and Culture 3: 11-26. 
 
Tave, D. (1986). Genetics for Fish Hatchery Managers. AVI Publishing, Connecticut. 
 
  132Taylor, W.R. (1964). Fishes of Arnhem Land. In, Specht, R.L. (Ed.), Records of the 
American-Australian Scientific Expedition to Arnhem Land, Volume 4; Zoology. 
Melbourne University Press, pp. 45-308. 
 
Thorburn, D.C., Peverell, S., Stevens, J.D., Last, P.R. and Rowland, A.J. (2003). 
Status of Freshwater and Estuarine Elasmobranchs in Northern Australia. 
Report to the Natural Heritage Trust. 79 pp. 
 
Thorburn, D., Morgan, D., Gill, H., Johnson, M., Wallace-Smith, H., Vigilante, T., 
Gorring, A., Croft, I. and Fenton, J. (2004b). Biology and Cultural 
Significance of the Freshwater Sawfish Pristis microdon in the Fitzroy River, 
Kimberley, Western Australia. Report to the Threatened Species Network. 57 
pp. 
 
Thorburn, D.C., Morgan, D.L, Rowland, A.J. and Gill, H.S. (2004a). Elasmobranchs 
in the Fitzroy River, Western Australia. Report to the Natural Heritage Trust. 29 
pp. 
 
Thorson, T.B. (1972). The status of the bull shark, Carcharhinus leucas, in the 
Amazon River. Copeia 3: 601-605. 
 
Thorson, T. B. (1973). Sexual dimorphism in number of rostral teeth of the sawfish, 
Pristis perotteti Muller and Henle, 1841. Transactions of the American 
Fisheries Society 102: 612-614. 
 
Thorson, T. B. (1982). Life history implications of a tagging study of the largetooth 
sawfish,  Pristis perotteti, in Lake Nicaragua-Rio San Juan System. 
Environmental Biology of Fishes 7: 207-228. 
 
Thorson, T.B. and Lacy, E.J. (1982). Age, growth and longevity of Carcharhinus 
leucas estimated from tagging and vertebral rings. Copeia 1: 110-116. 
 
Thorson, T.B., Watson, D.E. and Cowan, C.M. (1966). The status of the freshwater 
shark of Lake Nicaragua. Copeia 3: 385-402. 
  133 
Tieszen, L.L., Boutton, T.W., Tesdahl, K.G. and Slade, N.A. (1983). Fractionation 
and turnover of stable isotopes in animal tissues: Implications for δ
13C analysis 
of diet. Oecologia 57: 32-37. 
 
Trayler, K., Davies, P., Froend, R., Storey, A., Ruprecht, J. and Rodgers, S. (2003). 
Productivity and Water Flow Regulation in the Ord River of North-Western 
Australia. Environmental Flows Initiative Project. Report to the Government of 
Australia Waters and Rivers Commission. 115 pp.   
 
Unmack, P.J. (2001). Biogeography of Australian freshwater fishes. Journal of 
Biogeography 28: 1053-1089. 
 
Vari, R.P. (1978). The Terapon perches (Percoidei, Teraponodae). A cladistic analysis 
and taxonomic revision. Bulletin of the American Museum of Natural History 
159: 175-340. 
 
Vanderklift, M.A. and Ponsard, S. (2003). Sources of variation in consumer-diet δ
15N 
enrichment: a meta-analysis. Oecologia 136: 169-182. 
 
Vander Zanden, M., Cabana, G. and Rasmussen, J.B. (1997). Comparing trophic 
position of freshwater fish calculated using stable nitrogen isotope ratios (δ
15N) 
and literature data. Canadian Journal of Fisheries and Aquatic Sciences 54: 
1142-1158. 
 
Wainwright, P.C. and Richard, B.A. (1995). Predicting patterns of prey use from 
morphology of fishes. Environmental Biology of Fishes 44: 97-113. 
 
Whitley, G.P. (1943). Ichthyological descriptions and notes. The Proceedings of the 
Linnean Society of New South Wales 68: 114-144. 
 
Whitley, G.P. (1945). Leichhardt’s sawfish. Australian Zoologist 11: 43-45. 
 
  134Whitley, G.P. (1947). The fluvifaunulae of Australia with particular reference to the 
freshwater fishes in Western Australia. The Western Australian Naturalist 1: 49-
53. 
 
Williams, W.D. and Allen, G.R. (1987). Origins and adaptations of the fauna of 
inland waters. In, Dyne, G.R. and Walton, D.W. (Eds), Fauna of Australia. 
General Articles. Vol. 1A. Australian Government Publishing Service, 
Canberra, pp. 184-201 
 
Wilson, D. (1999). Freshwater sawfish Pristis microdon. Australia New Guinea 
Fishes Associations’ A-Z notebook of native freshwater fish. ANGFA Bulletin 
41. 
 
Winemiller, K.O. and Jepsen, D.B. (1998). Effects of seasonality and fish movement 
on tropical river food webs. Journal of Fish Biology 53: 267-296. 
 
Wintner, S.P., Dudley, S.F.J., Kistnasamy, N. and Everett, B. (2002). Age and growth 
estimates for the Zambezi shark, Carcharhinus leucas, from the east coast of 
South Africa. Marine and Freshwater Research 53: 557-566. 
 
Woodland, D.J. (1986). Wallace’s line and the distribution of marine inshore fishes. 
In, Uyeno, T., Arai, R., Taniuchi, T. and Matsuura, K. (Eds), Indo-Pacific Fish 
Biology: Proceedings of the Second International Conference on Indo-Pacific 
Fishes. Ichthyological Society of Japan, Tokyo, pp. 453-460 
 
Yoshioka, T. and Wada, E. (1994). A stable isotope study on seasonal food web 
dynamics in a eutrophic lake. Ecology 75: 835-846. 
 
Zaret, T.M. and Rand, A.S. (1971). Competition in tropical stream fishes: Support for  
  the competitive exclusion principle. Ecology 52: 336-342. 
 
  135Appendix 1 
 
Sites sampled for freshwater and estuarine elasmobranchs in the Northern Territory 
(sites 1-81), Western Australia (sites 82-111) and Queensland (112-137). 
River System & Site Location  Site Number Latitude Longitude  Salinity  (ppt)
Liverpool River (Mouth)  1  12.079  134.192  30 
Liverpool River (Feeder)  2  12.256  134.111  0 
Liverpool River  3  12.264  134.105  2.5 
Liverpool River (Manggabor Creek)  4  12.280  134.105  0 
Liverpool River (Paperbark Swamp)  5  12.209  134.128  0 
Liverpool River (Mann River)  6  12.360  134.129  0 
Blyth River (Cadell River)  7  12.241  134.431  0 
Blyth River (Mouth)  8  12.068  134.595  31 
Blyth River (Ji Marda Beach) 9  12.034  134.617  35 
Blyth River (Ji Marda Offshore)  10  12.034  134.613  35 
Blyth River  11  12.338  134.668  0.3 
Glyde River (Goyder River)  12  13.029  134.975  0.2 
Glyde River (Arafura Swamp)  13  12.476  134.965  0.2 
Glyde River  14  12.268  135.053  35 
Darbilla Creek   15  12.159  134.916  35 
Darbilla Creek   16  12.176  134.884  33 
Darbilla Barge Landing  17  12.146  134.927  35 
Mary River (Mouth)  18  12.266  131.774  32.8 
Mary River  19  12.309  131.773  33.1 
Mary River  20  12.370  131.769  18.1 
Mary River  21  12.406  131.730  19.1 
Mary River  22  12.487  131.721  0.1 
Adelaide River (Marrakai Creek)  23  12.681  131.336  0.5 
Adelaide River  24  12.661  131.337  0.4 
Adelaide River  25  12.649  131.359  0.4 
Adelaide River (Feeder)  26  12.734  131.277  0.3 
Daly River (Katherine River)  27  14.410  132.325  0 
Daly River (Katherine River; King R. Junction) 28  14.696  131.978  0.1 
Daly River (Katherine River; King R. Junction) 29  14.698  131.973  0.1 
Daly River (Charlie Creek)  30  13.685  130.588  0.3 
Daly River  31  13.688  130.618  0.3 
Daly River  32  13.673  130.643  0.3 River System & Site Location  Site Number Latitude Longitude  Salinity  (ppt)
Daly River  33  13.677  130.655  0.2 
Daly River  34  13.668  130.655  0.2 
Daly Rivern (Elliot Creek)  35  13.558  130.519  0.2 
Daly River  36  13.985  131.216  0 
Daly River  37  13.975  131.213  0 
Roper River  38  14.687  134.371  0.7 
Roper River  39  14.876  133.468  0.8 
Roper River  40  14.889  133.405  0.8 
Roper River  41  14.927  133.372  0.8 
Roper River  42  14.940  133.368  0.8 
Roper River  43  14.730  134.551  0.6 
Roper River  44  14.713  134.519  0.7 
Roper River  45  14.713  134.508  0.7 
Roper River (Mountain Creek)  46  14.774  134.802  0.3 
Roper River (Lomarieum Lagoon)  47  14.780  134.884  0 
Roper River  48  14.748  135.299  23.4 
Roper River (Feeder)  49  14.727  135.322  26.1 
Towns River  50  15.041  135.213  4.7 
Towns River  51  14.994  135.294  14.1 
Towns River  52  15.046  135.209  0.6 
Limmen River  53  15.320  135.433  15.6 
Limmen River (North Arm)  54  15.166  135.616  33.8 
Limmen River  55  15.251  135.522  21.4 
Limmen River (Round Hole)  56  15.499  135.398  0.4 
Mcarthur River  57  15.900  136.592  31.9 
Mcarthur River (Batten Creek)  58  15.890  136.517  21.3 
Mcarthur River  59  15.928  136.421  12.1 
Mcarthur River (Backwater)  60  15.931  136.420  13.1 
Mcarthur River  61  15.927  136.513  23.9 
Mcarthur River  62  15.918  136.522  23.9 
Mcarthur River (Batten Creek)  63  15.865  136.398  6.1 
Mcarthur River  64  15.916  136.544  27.6 
Mcarthur River  65  15.902  136.537  27.3 
Wearyan River  66  16.168  136.423  0.2 
Wearyan River  67  16.164  136.755  7.1 
Wearyan River  68  16.175  136.761  0.3 
Wearyan River  69  16.174  136.759  0.3 River System & Site Location  Site Number Latitude Longitude  Salinity  (ppt)
Wearyan River  70  16.175  136.762  0.3 
Robinson River  71  16.470  137.050  0 
Robinson River  72  16.224  137.102  10.5 
Robinson River  73  16.232  137.098  9.7 
Robinson River  74  16.248  137.089  9.7 
Robinson River  75  16.268  137.088  0.9 
Victoria River  76  15.646  131.105  0 
Victoria River  77  15.635  131.133  0 
Victoria River  78  15.614  130.449  2.9 
Victoria River  79  15.461  130.359  9.7 
Victoria River (Humbert River)  80  16.431  130.932  0 
Victoria River (Jasper Creek)  81  16.031  130.802  0 
Dominic Creek  82  14.142  126.696  35 
Drysdale River  83  14.008  126.930  30 
Drysdale River  84  13.978  126.925  37 
Drysdale River  85  13.978  126.887  35 
King Edward River (Monger Creek)  86  14.248  126.563  33.5 
King Edward River  87  14.199  126.590  39 
Walsh Point  88  14.583  125.828  38 
Rail River  89  14.693  125.862  39.9 
Lawley River  90  14.644  125.925  39.9 
Fitzroy River  91  17.638  123.567  6 
Fitzroy River  92  17.682  123.562  0 
Fitzroy River  93  17.663  123.566  0 
Fitzroy River  94  18.081  124.227  0 
Fitzroy River  95  18.188  124.492  0 
Fitzroy River  96  18.038  125.744  0 
May River  97  17.338  123.996  2 
May River  98  17.235  123.919  41.1 
Robinson River  99  16.755  123.978  35 
King River  100  15.676  128.086  0 
King River  101  15.566  128.112  32 
King River  102  15.512  128.096  33 
Pentecost River  103  15.756  127.864  31 
Ord River (Spillway Ck)  104  15.961  128.758  0 
Ord River (Spillway Ck)  105  16.008  128.770  0 
Ord River  106  15.563  128.672  0 River System & Site Location  Site Number Latitude Longitude  Salinity  (ppt)
Ord River  107  15.569  128.625  0 
Ord River  108  15.568  128.620  0 
Ord River  109  15.578  128.469  0 
Ord River  110  15.532  128.415  3 
Ord River  111  16.124  128.698  0 
Laura River (Olive Vale Hole)  112  15.531  144.441  0.02 
Archer River (Foxs Waterhole)  113  13.450  142.981  0 
Wenlock River (Woodfords Lagoon)  114  12.389  142.209  0 
Wenlock River (Stones Crossing)  115  12.393  142.165  0 
Pine River (Foreshore)  116  12.523  141.679  36.1 
Mitchell River (Koolatah Lake)  117  15.792  142.407  0 
Alice Creek  118  15.548  142.283  0 
Mitchell River (Shark Hole)  119  15.661  142.101  0 
Mitchell River (Koolatah Lake)  120  15.792  142.407  0 
Mitchell River (Gamboola Water Hole)  121  16.510  143.605  0 
Mission River  122  12.570  141.92  34.9 
Albatross Bay (Mangrove Island)  123  12.584  141.795  35.1 
Albatross Bay (Weipa Caravan Park)  124  12.638  141.854  34.7 
Mission River (Red Beach)  125  12.595  141.856  35.1 
Mission River  126  12.585  141.928  34.2 
Albatross Bay (Opposite Weipa Race Track) 127  12.640 141.851  35.2 
Normanby River   128  14.611  144.196  26 
Normanby River (Whip Handle)  129  14.385  144.111  7 
Bizant River (German Bar)  130  14.670  144.131  40 
Kennedy River (Kennedy Junction)  131  15.108  144.314  0 
Gilbert River  132  17.198  141.827  0 
Gilbert River (Police Waterhole)  133  17.420  142.093  0 
Saxbury River (Pump Hole)  134  19.056  141.115  0 
Gilbert River (Trainers Waterhole)  135  17.515  142.376  0 
Normanby River (Mid Estuarine)  136  14.327  144.103  37.3 
Normanby River (Mouth)  137  14.243  144.871  37.9 
 